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Abstract 
Working to agreed standards has become an integral part of industrialised society, and 
many everyday activities are based around standards. For example, advances in 
company working environments, management structures, manufacturing approaches 
and the incorporation of Information Technology (IT) for data creation and 
manipulation have increased the importance of accurate data exchange. Consequently, 
standards such as ISO I 0303, which is the Standard for Exchange of Product data 
(STEP), have been developed to ensure accurate preservation of meaning of product 
data during exchange. The use of these standards offer potential benefits, but these 
benefits are only realised through the effective adoption and use of the standards. In 
particular, with the boom of technology and the explosion of e-business and Internet 
communities, IT standards in general are becoming more predominant and more work 
is going into the research of IT standards. 
One research field is focused on the adoption ofiT standards. A review of the literature 
in this research field revealed that there are currently a limited number of peer-
reviewed, empirical studies that look at the adoption of IT standards. This means that 
practitioners devoted to the ongoing development and use of these standards and 
academics still lack a significant body of evidence with regards to the factors that 
influence their adoption. Therefore, the aims of this thesis are to identity the factors 
and barriers critical to the adoption of IT standards, more specifically data-exchange 
standards such as STEP, and to identity ways to accelerate and facilitate the adoption 
of these standards. 
A more detailed review of the literature revealed that IT standards research is based on 
two approaches. The first approach is the innovation-centric approach, which focuses 
on the general adoption of an innovation. The second approach is called the adopter-
centric approach and this focuses on an organizations ability to adopt innovations. Both 
approaches have biases and as a consequence, a novel dual approach was taken in this 
research that combined both the innovation-centric and adopter-centric approaches. 
Subsequently, two conceptual models were developed based on the literature 
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surrounding each approach. In order to achieve the aims of this research, a qualitative 
research approach, based on case studies and action research, was used to support the 
exploratory and descriptive nature of the research. Through the case studies, the 
validity of the factors identified in the original conceptual models was tested. 
The innovation-centric case studies focused on the adoption of two standards produced 
by ISO/TC 184/SC4 - Technical Committee TC 184 "Industrial Automation Systems 
Integration", Sub Committee SC4 "Industrial Data", which is the ISO subcommittee 
responsible for the development of STEP. What emerged from the innovation-centric 
case studies is that eleven key factors impact the adoption of data-exchange standards. 
These factors can be grouped in four main categories: conception, standards process, 
standard specifications and adoption conduciveness. The adopter-centric case study 
focused on the adoption of a STEP standard, regional defence standard and national 
defence standard within the UK Ministry of Defence. What emerged from the adopter-
centric case study was that the factors that impact the adoption of data-exchange 
standards within an organization could be grouped into primary and secondary 
adoption factors. 
The verified and finalised conceptual models were used to develop a series of 
'Adoption Checklists'. The checklists are a series of questions, which can be used to 
assess the adoptability of a data-exchange standard. The checklists have been 
developed so that positive answers to the series of questions indicate that a standard is 
more likely to be adopted. These checklists acted as the foundation for action research 
into the adoption of a STEP application protocol, ISO I 0303-239- Product Life Cycle 
Support (PLCS). The results of the action research revealed that from both an 
innovation-centric and adopter-centric perspective, the adoption of PLCS was positive, 
despite evidence of some concerns that need to be addressed. 
The thesis concludes by presenting recommendations and identifYing further areas of 
research into the adoption of data-exchange standards, which gives a better 
understanding of methods to accelerate the effective adoption of data-exchange 
standards. 
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Foreword 
I see this work by Josephine as being both timely and of crucial importance in 
identifying the reasons behind the resistance to adopt open standards more widely and 
in recommending guidelines to facilitate and accelerate the process of standards 
adoption. The decision to combine two established approaches into a single research 
methodology was innovative and courageous, requiring original thought and concept 
development to derive a coherent framework that could be tested and validated through 
case study research and direct feedback from interviews and questionnaires. This 
approach proved to be successful, providing Josephine with good qualitative 
information upon which to base her findings and recommendations, a factor which will 
be of increasing importance as other bodies pick up and take forward this research. I 
am aware that in the course of her research, Josephine has engaged with many eminent 
specialists in the data standards world, in industry, in academia and throughout the 
MoD, and she has gained their respect for her understanding of the issues, the 
thoroughness of her work and the positive recommendations for the way forward. This 
will carry great weight in the near future, and I look forward to seeing this work 
becoming a standard reference during the inevitable ongoing debate over the adoption 
of data exchange standards. 
Air Commodore Ian Sloss CEng FRAeS RAF (Retd) 
LSCGroup 
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CHAPTER! 
INTRODUCTION 
1.1 Introduction 
A study commissioned by the US National Institute of Standards and Technology 
(NIST) found that ISO I 0303, the Standard for the Exchange of Product Model Data 
(STEP), is conservatively estimated to be saving the transportation equipment 
manufacturing community over $ISO million per year in mitigation and avoidance of 
interoperability costs, with the figure expected to rise to $700 million by 20IO 
(Gallaher et al. 2002). Studies like these show the benefits and importance of using 
data-exchange standards to enable technical and business information, which was 
previously shared in a variety of ways including paper and telephone conversations, to 
now be passed electronically and shared seamlessly throughout an extended 
manufacturing enterprise (Ray and Jones 2003). The literature surrounding these data-
exchange standards indicates that a fairly large corpus of information is available with 
regards to the history, practical implementation and benefits of data-exchange 
standards like STEP (Kemmerer I 999). However, a further review of the literature 
shows that there is very limited empirical research into the factors that impact the 
adoption of data-exchange standards such as STEP. This means that practitioners 
devoted to the ongoing development and use of standards like STEP, and academics, 
still lack a significant body of evidence regarding the factors and barriers critical to the 
adoption of the standards. The research reported in this thesis has sought to identify 
these factors by developing conceptual models for data-exchange standards adoption, 
which are tested through a series of qualitative case studies and action research. 
This chapter begins by giving an overview of the development of product data-
exchange standards like STEP and the rationale behind this research. Following on 
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from that is an overview of current work and research relating to the adoption of STEP. 
The aim, objectives and scope of this research are then stated, with the chapter 
finishing with a breakdown of the overall structure of the thesis. 
1.2 Background and Research Motivations 
Increased competitiveness among manufacturing organizations means companies are 
no longer able to compete solely on the cost or functionality of their products. More 
emphasis is being placed on the quality, and reliability of their products and the ability 
to respond quickly to customer needs (Fowler 1995). This increased competitiveness 
has contributed to the rise of the concept of the "extended enterprise", where 
companies have to work more closely with their suppliers, customers and partners in 
order to shorten product development life cycles and to highlight potential problems as 
early as possible (AI-Timimi and McKrall 1996). Subsequently, product life cycle 
activities, from conception to de-commissioning, which were traditionally carried out 
linearly in one organization, are now undertaken by multi-disciplinary teams within 
and across different organizations, sometimes distributed throughout the world. An 
example is the recent manufacture of the Airbus 380, where the manufacturing 
consortium is composed of four prime contractors from France, Germany, Spain and 
the United Kingdom. Additionally, industrial partners in Australia, Austria, Belgium, 
Finland, Italy, Japan, South Korea, Malaysia, Netherlands, Sweden, Switzerland and 
the United States are also manufacturing components for the A380 airframe 
(Airliners.net 2005). 
Data about a product is created, revised, updated and used throughout its life cycle, and 
within these extended working environments companies are increasingly dependent on 
the effective and accurate exchange of product data with their different partners (Ray 
and Jones 2003). Therefore, this information or product data is of vital importance to 
the enterprise, or as King (2002b) states, it is the 'strategic through-life asset' of the 
enterprise. This is largely due to the importance of information to be able to undertake 
new tasks and in the decision-making process. Poor data management and the 
exchange of product data that is inaccurate, incomplete or ambiguous compromises the 
2 
Chapter I - Introduction 
quality of a product resulting in either an increase in the costs associated with 
maintaining the quality of a manufactured product over its life cycle, or expensive 
accidents. This is highlighted in the case of the Mars Climate Orbiter Crash of 1999, 
the loss of the $125 million spacecraft was attributed to the fact that its spacecraft and 
navigational teams were using different units of measure, as was noted in the Times of 
London Newspaper: 
"One team used metric units; another used imperial, and nobody noticed. " 
(The Times, October 2nd 1999) 
1.2.1 Computer-based data exchange 
In order to address some of the challenges posed by data-exchange and sharing, 
industry has increasingly employed computer systems to enable better, faster and 
cheaper exchange, sharing and archiving of product data. The advent of computing 
technology in the 1960s revolutionised the way product data was represented and 
exchanged. According to a historical review done by PTC Inc. (PTC Express 2000), in 
1961, Ivan Sutherland developed the first mathematical equations for Computer Aided 
Design (CAD) in his thesis, SKETCHPAD. The PTC white paper goes on to quote Orr, 
a consultant, speaker and writer in engineering automation and computing technologies 
as stating, "In Sutherland's thesis, you can see all of CAD as it exists today". Following 
from that, the evolution of CAD systems began and enterprises began to develop 
internal CAD and Computer Aided Manufacturing (CAM) packages. Finally, in 1984, 
a company called Autodesk introduced the first CAD program written strictly for the 
Personal Computer (PC), and work in this field has continued to grow into the CAD 
industry it is today (PTC Express 2000). 
Drawings created with CAD tools represented tremendous productivity gains over 
paper drawings, offering improved accuracy and quality, greater speed, reduced costs 
of rework and the ability to perform additional analysis of models and designs before 
moving to production. Nevertheless, as computer design and manufacturing tools 
proliferated into the market to meet increasingly complex and diverse engineering 
needs, so did the formats each tool used to capture and store product data (Kemmerer 
1999). What transpired was the existence of dissimilar computer-aided systems that 
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lead to the technological legacy of "islands of automation" or "islands of information" 
that were identified during the 1970s and 1980s (Fowler 1995). King (2002a) 
postulates that these islands result, in part at least, from the piecemeal, unplanned 
acquisition of computer systems without regard for the requirements of application 
integration or data integration, exchange and sharing. To further compound the 
problem, different organizations across the extended enterprise use different 
technologies and computer systems to develop, store and manipulate data. This has 
resulted in barriers to communication between computer systems and hence between 
product data, causing data-exchange problems (Fowler 1995). 
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Figure 1.1: A comparison of the lifetime of computer systems and complex engineering 
assets (King 2003). 
In addition to the data-exchange problems, the use of computer systems to mange and 
store data is further challenged by the disparity between the lifetime of computer 
systems and the lifetime of complex engineering assets. These complex engineering 
assets, like for example, aircraft, ships, buildings and industrial plants, have a lifetime 
measured in decades, or longer. In contrast, as shown in Figure 1.1, the application 
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software used to process the data can have a lifetime of three to five years and the 
operating systems may have lifetimes that are less than three years (King 2003). 
These data exchange problems are further exemplified in a study by Egyedi and 
Verwater-Lukszo (2004) into the information and communication technology systems 
of a large government organization. The study revealed that, with respect to system 
maintenance and evolution, the main challenges were: 
o The short life cycle of IT products 
o Different local needs within organizational units 
o Unsustainable software design 
o Unexpected interaction between software 
o Provider dependence. 
In light of these challenges, activities like 'manufacturing interoperability', which 
refers to the ability to share technical and business information seamlessly throughout 
an extended manufacturing enterprise or supply chain, is greatly hampered and can 
prove costly to an enterprise (Ray and Jones 2003). Indeed, a study commissioned by 
NIST reported that imperfect interoperability imposes at least a billion dollars per year 
on the members of the US automotive supply chain (Brunnermeier and Martin 1999). 
The report goes on to indicate that as much as 86% of the costs are attributed to 
mitigating data exchange problems like dealing with poor translations and reworking 
data files. 
1.2.2 Solutions to data exchange problems 
There are three main approaches used to deal with these interoperability and data 
exchange problems. The first approach, used by some original equipment manufactures 
(OEMs), is to impose or mandate the use of a particular computer system throughout 
the supply chain. Elements of this approach are adopted within most OEMs and can 
offer cost saving advantages by reducing diversity and cutting down training, 
maintenance and acquisition costs. However, developing an infrastructure where all 
companies within a supply chain use the same computing systems is difficult to 
achieve, especially when companies can be dealing with many clients at one time, each 
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with their own "standard" system. As a consequence, typically either the customer or 
supplier becomes responsible for data translation. 
The second approach is the use of point-to-point customised solutions, which are 
achieved by the use of system converters. Converters change one data format into 
another through direct translations. These translations can achieve very high quality 
results and there are software packages available that accomplish this, but these 
packages can be costly and require updating with each system update. In addition, 
converters are "point solutions" and the number of translations increases non-linearly 
with the number of computer systems, as shown in Figure 1.2. That is, n (n-!), where n 
is the number of computer systems. 
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Figure 1.2: A Comparison of the number of translations required for 'point-to-point' 
and standards-based data exchange 
The final approach involves the use of open neutral standards. This neutral approach is 
based on the idea of developing an agreed specification or standard for data exchange 
that is not dependent on any proprietary computer system and is universally understood 
and accepted for data-exchange. Standardization calls for all relevant participants 
within the extended enterprise to be able to import and export information using the 
same data formats. The use of standards has the benefit of eliminating the drawbacks of 
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the direct translation approach, which is limited to "point solutions" and high 
maintenance costs. The use of data-exchange standards also has the benefit of allowing 
systems to be added, upgraded or removed with little or no impact on remaining 
systems, and the number of translations is now reduced to twice the number of 
computing systems, 2n, as shown in Figure 1.2. 
1.3 STEP Overview 
Over the years there have been a number of product data-exchange standards in use 
(Ravat and Nazemetz 2003), such as the Initial Graphics Exchange Specification 
(IGES), The Electronic Design Interchange Format (EDIF), Data-exchange File or 
Format (DXF), Standard D'Exchange et de Transfert (SET) and Verband Der 
Automobilindustrie-Flachen-Schnittstella (VDA-FS), full descriptions of each of these 
standards can be found in Appendix A-l. These standardizing activities for product 
data descriptions started with IGES back in the 1970s and branched out over the 
following years. However, these standards were bounded by their restriction to 
graphical and geometrical information (ProSTEP 2004). Therefore, in order to override 
this problem and curb the development of a multitude of standards, work began in the 
mid-80s on developing a new open neutral standard known as ISO I 0303. The official 
title of ISO 10303 is 'Industrial automation systems and integration - Product data 
representation and exchange', and the standard is informally known as STEP -
Standard for the Exchange of Product Data. STEP built upon the lessons learned from 
the previous standards, as shown in Figure 1.3, and had the advantage of not just 
focusing on basic descriptions of what data is, but what data means and how data relate 
to each other (Kemmerer 1999). 
The first parts of STEP were published as an international standard in 1994 under the 
banner of the International Standards Organization (ISO) Technical Committee 184 
(Industrial Automation Systems and Integration), and the Sub-Committee 4 (Industrial 
Data) also known as ISO/TC184/SC4. 
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Figure 1.3: Product data-exchange standards migration path towards STEP (ProSTEP 
2004). 
What emerged from the standardization effort has been a comprehensive series of 
documents, which provide industry with the ability to exchange and share information 
used to describe a product, both throughout the supply chain and throughout the entire 
life cycle of the product (Man son 2002). The architecture of STEP was built as a series 
of parts to provide a capability for product data exchange, sharing and archiving. An 
overview of the structure of the STEP standard can be found in Appendix A-2. 
According to Part I of the standard, -STEP enables "the computer-interpretable 
representation and exchange of product data. The objective is to provide a mechanism 
that is capable of describing product data throughout the life cycle of a product, 
independent from any particular system. The nature of this description makes it 
suitable, not only for neutral file exchange, but also as a basis for implementing and 
sharing product databases and archiving" (AI-Timimi and McKrall 1996). 
STEP data models are defined using the EXPRESS data modelling language, which 
itself is Part 11 of the standard. EXPRESS has both textual and graphical notations 
with the latter known as EXPRESS-G. A STEP implementation is an application that 
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uses this standard to exchange product information, or makes it possible for other 
applications to do so (Loffredo 2002). Parts 20 I to 240 detail the implementable data 
specifications of STEP known as Application Protocols (AP). An Application Protocol 
(ISO I 0303-2xx) is, in principle, first written independently of STEP using the 
terminology of the application or industry area, the result is an Application Reference 
Model (ARM). This model is then mapped to a library of pre-existing definitions using 
the EXPRESS mapping language EXPRESS-X. The result is an Application 
Interpreted Model (AIM), which is the actual data model of the application or industry 
area in STEP (Miinnisto et al. 1998). Examples of APs include: 
o AP203: Configuration - controlled 3D design of mechanical parts and 
assemblies 
o AP224: Mechanical product definitions for process planning using machining 
features 
o AP239: Product life cycle support 
1.3.1 STEP adoption and research motivation 
STEP is already in use within the CAD community and enables the sharing of the 
underlying analysis information in industries such as aerospace, automotive, 
shipbuilding and construction (Manson 2002). Working alongside many of these 
industry groups are a number of software vendors, such as Eurostep, EPM Technology 
and STEPtools Inc., who specialise in developing software solutions based on STEP. 
Another company, LSC Group, who are eo-sponsors of this research, have a team 
devoted to the development and implementation of STEP and they are currently 
engaged in a number of STEP development and implementation projects. Specific sets 
of projects are underway in the UK Ministry of Defence (MoD) using various STEP 
application protocols. Some examples include a series of pilots and demonstrations that 
are looking at the practical implementation of STEP AP239, which is informally 
known as PLCS. 
During the development and preparation of some of the projects that are being 
undertaken in conjunction with LSC Group, questions began to be raised, during 
informal discussions, with regards to whether the standard, PLCS, would be 
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successfully adopted or not, who would adopt the standard and would there be delays 
in its adoption? It was recognised that a key to answering these questions would 
involve analysis of the general adoption of the underlying data-exchange standard, 
STEP. Indeed, Meister (2004) points out that, "STEP is in use at companies around 
the world but its adoption has not been as widespread as initially expected, and given 
the large amounts of resources that have gone into STEP it has had, at-best, mixed 
implementation results". Therefore, having a deeper understanding of the factors and 
barriers critical to the adoption of STEP, will make an important contribution to both 
academics and practitioners in the STEP community. 
1.3.2 Brief overview of STEP research 
An initial review of the literature surrounding STEP, revealed extensive study of the 
history of STEP, the implementation technologies surrounding STEP and the use of 
STEP within various industry groups (Kemmerer 1999; Loffredo 1998; Kauhaniemi 
2003; Zhang and Warren 2002). However, extensive searches of the literature revealed 
a lack of studies into the factors and barriers critical to the adoption of STEP. Two 
noted exceptions are research carried out by Dreverrnan (2005) and Meister (2004). 
Dreverrnan carried out a study into the adoption of product model data standards like 
STEP in the process industry. This study offered insight into the development and 
organizational factors that impact the adoption of data standards. Meister carried out a 
longitudinal study of the development and implementation of STEP over 20 years from 
the perspective of ISO/TC 184/SC4 committee members. 
This initial literature review highlighted the fact that there is very limited empirical 
research into the factors that impact the adoption of data-exchange standards like 
STEP. This means that academics and practitioners, such as LSC Group, who are 
devoted to the ongoing development and use of these data-exchange standards, still 
lack a significant body of evidence with regards to the factors that influence their 
adoption. This reaffirms the need for a more in-depth study into the factors and barriers 
critical to the adoption of data-exchange standards such as STEP, and leads to the 
development of the two main research questions that acted as a basis for this thesis, 
which are: 
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o What are the factors and barriers critical to the adoption and diffusion of data-
exchange standards across their target population? 
o What can be done -to facilitate and accelerate the adoption of data-exchange 
standards across their targeted population? 
The next section details the aims and objectives that have been established to answer 
these research questions poised. 
1.4 Research Aims, Objectives and Scope 
1.4.1 Research aim 
This research seeks to contribute to the current limited body of knowledge available 
relating to the adoption of data-exchange standards. Therefore, the two main aims of 
this thesis are to: 
o Establish the factors and barriers that influence the adoption of data-exchange 
standards. 
o Develop guidelines to facilitate and accelerate the adoption of data-exchange 
standards. 
1.4.2 Research objectives 
In order to establish the factors and barriers that influence the adoption of data-
exchange standards and to answer the research questions posed, the following 
objectives were pursued to provide guidance and direction to realise the aims of the 
study: 
I. To develop a preliminary conceptual model that identifies the factors and barriers 
critical to the adoption of data-exchange standards, through the study of published 
literature. 
2. To revise and refine the preliminary conceptual model, by interviewing 
stakeholders in the adoption and diffusion of two ISO/TC 184/SC4 standards and 
two military standards, and by analyzing the information obtained from the 
interviews and other data sources. 
I I 
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3. To further refine and test the preliminary conceptual model against the current 
adoption and implementation of PLCS using a 'Standards Adoption Checklist' 
developed from the conceptual model. 
4. To present recommendations to facilitate the adoption of data-exchange standards 
in general and PLCS specifically, from the experience gained in the above 
objectives. 
5. To test the validity of these recommendations by eliciting the opinions of "experts" 
and by publishing the recommendations in peer-reviewed conference proceedings 
and journals. 
1.4.3 Research scope 
The main aim of this research is to establish the factors that influence the adoption and 
diffusion of data-exchange standards across their target populations. The purpose being 
to develop a model and 'Standards Adoption Checklist' that translate into frames of 
reference or guidelines that can be used to support the decision-making process in the 
development, adoption, implementation and evaluation of new and emerging standards 
such as PLCS. However, on a more general level, there are standards for virtually all 
applications that can be enumerated, for example: 
o Cars use standardized, interchangeable parts 
o Food and medicines must comply with health standards 
o Workplaces have safety standards 
o Jobs are evaluated according to performance standards 
o Clothing comes in standard sizes 
o Telephones have standard interfaces 
o Bed sheets are sized to fit standard mattresses. 
In addition to these examples, within the IT community, standards are required for 
varying degrees of interoperability between various programming languages, 
applications, software and hardware all working to varying numbers of standards. 
Furthermore, the standards community knows that often for the same application or 
functions there may be several applicable standards (McCaleb 1999). Due to this 
diversity of standards, a broad generalisation is beyond the scope of this research. 
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However, by examining standards adoption in the product data-exchange standards 
domain within the oil and gas and defence community, novelty will be claimed from 
the development of the model and 'Standards Adoption Checklists', which will be 
verified from the drawing of parallels between the case study findings, and used as 
frames of reference or guidelines to support the decision-making process within the 
data-exchange standards community. 
1.5 Thesis Layout 
Phillips and Pugh (2000) have presented a general method to best structure a PhD 
thesis. According to their structure, a PhD thesis is made up of four main elements, 
namely: the background theory, focal theory, data theory and contribution. This 
structure is used to detail the layout of this thesis. 
1.5.1 Background theory 
The background theory encompasses and captures developments, controversies and 
breakthroughs currently engaging practitioners within a particular field of research, 
which in this case would be standards adoption research. The background theory is 
presented in the literature review in Chapter 2. The literature review first focuses on 
standards taxonomies and how IT -related standards including data-exchange standards 
are classified. The chapter then goes on to analyze and critique the different theoretical 
and empirical methods used to understand the adoption of different IT-related 
standards. This is followed by a discussion on the gaps in the literature and the way 
forward for this research. 
1.5.2 Focal theory 
The main task in focal theory is to set out in great detail precisely what is being 
researched and why. The overall aim of focal theory is to carry the academic discussion 
forward through the development of a conceptual model. Chapter 3 is devoted to focal 
theory and this chapter is based on the papers "The Adoption and Diffusion of 
Standards", and "The Adoption and Diffusion of Standards-Based Information 
Systems", presented at the Software Quality Management conference in April 2004 and 
March 2005 respectively (Wapakabulo et al. 2004; Wapakabulo et al. 2005a). Chapter 
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3 builds on Chapter 2 by assessing in more depth previous models and theories that 
have been used to study the adoption of IT standard. The chapter begins by giving an 
overview of terminology and meanings associated with the terms 'diffusion' and 
'adoption' in light of the research questions posed. The remaining sections provide an 
additional context and background for the research and present evidence and support 
from the literature for the preliminary conceptual models that guided this research. 
Based on the results from the literature, two models were developed, an innovation-
centric and adopter-centric model. The developed models set the scene for the detailed 
empirical study, and further highlight the need to identify the factors and barriers 
critical the adoption of data-exchange standards. 
1.5.3 Data theory 
Following on from the background and focal theory is the data theory, which in generic 
terms gives the justification for the relevance and validity of the material that is being 
used to support this thesis. Data theory starts with Chapter 4, the methodology chapter, 
which details the justifications for the interpretivist research philosophy chosen and the 
reasons behind choosing a qualitative research approach, and case study and action 
research methods for this research project. Chapters 5, 6, 7, 8 and 9 are also included 
within the data theory categorisation and detail the empirical data collected in 
accordance with the methodology presented in Chapter 4. A more detailed breakdown 
of each of these chapters includes: 
i. Chapter 4 - Methodology 
This chapter discusses the justifications for the overall research philosophy and 
approach subscribed to, and the multiple data collection and data analysis activities 
used to collect suffiCient data to answer the research questions posed. 
ii. Chapter 5 -Innovation-centric data analysis 
The chapter starts by introducing in more detail the ISO technical committee and 
subcommittee responsible for the development of the data-exchange standards. 
Following on from that, the factors identified in the original innovation-centric model 
developed in Chapter 3 are tested and verified against the collected data. The final 
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sections of the chapter discuss the current rate of adoption and way forward for the two 
chosen case study standards and present the revised model for the innovation-centric 
adoption of data-exchange standards. Parts of the findings of this chapter were the basis 
for the conference paper "The Development Barriers to the Adoption of Data-exchange 
Standards" presented at the I Oth European Academy for Standardization Workshop in 
June 2005 (Wapakabulo et al. 2005b). 
iii. Chapter 6- Adopter-centric data analysis 
This chapter presents data analysis results of the factors that impact the adoption of 
standards within the UK Ministry of Defence (MoD). The chapter starts by giving a 
. brief overview of the MoD and the three standards that are the focus of this study. 
Following on from that is a detailed analysis of the factors and barriers critical to the 
adoption and diffusion of the three standards within the MoD using the constructs 
identified in the original adopter-centric model developed in Chapter 3. The concluding 
section presents the revised adopter-centric-model. Parts of the findings of this chapter 
were the basis for the conference paper "A STEP Towards the Adoption of Data-
Exchange Standards: A UK Defence Community Case Study" presented at the 4th 
International Conference on Standardization and Innovation in Information Technology 
in September 2005 (Wapakabulo et al. 2005c). 
iv. Chapter 7 - Innovation and adopter centric 'Adoption Checklists' 
This chapter builds on the findings of Chapter 5 and 6. The revised innovation-centric 
and adopter-centric models developed in these chapters are used to create adoption 
checklists that can be used to assess the adoptability of a data-exchange standard. 
v. Chapter 8 - P LCS adoption: Innovation-centric approach 
In this chapter, the adoptability of PLCS (ISO I 0303-239) is analyzed using the 
innovation-centric checklist developed in Chapter 7. This chapter starts by assessing 
and answering each of the checklist questions. In the concluding sections predictions 
are made about the adoptability and way forward for PLCS based on the results of the 
checklist. Parts of the findings of this chapter were the basis for the conference paper 
15 
Chapter I - Introduction 
"The Standard for the Exchange of Product Data: Alternative Implementation 
Strategies" presented at the Software Quality Management conference in April 2003 
(Wapakabulo et al. 2003). 
vi. Chapter 9- PLCS adoption: Adopter-centric approach 
This chapter presents the results of the application of the adopter-centric "Adoption 
Checklist" on the adoption of PLCS in the UK MoD. The chapter begins by assessing 
and answering each of the checklist questions. Results from the data obtained from a 
workshop based around the use of PLCS are used to give a more detailed insight into 
some of the answers. The final sections assess and predict the adoption of PLCS within 
the MoD and present a summary of the way forward for data-exchange standards such 
as PLCS within the MoD. 
1.5.4 Contribution 
The 'contribution' element focuses on the evaluation of the importance of this thesis to 
the development of the field or discipline. It details the novel contribution of the 
research to the existing body of knowledge and the limitations and potential new and 
future work that can be carried out. Contributions have been made throughout the main 
data chapters 5, 6,7,8, and 9. These contributions are summarised in Chapter 10, which 
shows why, and in what way the findings of this thesis add to and impact the 
background theory or current literature. Chapter I 0 begins by giving a review of the 
aims and objectives of the research, followed by a detailed account of the findings and 
novel contributions made based on each of the main objectives. The concluding section 
presents recommendations for the different stakeholder groups impacted by this 
research and further work that can be carried out by practitioners and researchers 
involved in the development, implementation and use of data-exchange standards. 
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CHAPTER2 
LITERATURE REVIEW 
Chapter Preface 
This chapter presents a literature review, as a background to the proposed research. The initial 
sections of the chapter offer a brief introduction into the history of standards and an overview 
of standardization. Following on from that is a synopsis of the classifications of standards in 
general and Information Technology (IT) standards specifically, plus a summary of the main 
research areas relating to IT standards. The latter sections identify the gap within IT standards 
research that this thesis seeks to fill. 
2.1 Introduction 
Standards have been in existence since the beginning of recorded history. One of the 
earliest indications of a standard is the beginning of written alphabets by the Egyptians 
and Babylonians around 4000 BC (Krechmer 1996). Another example of early 
standards effort is the work done by Shih Huang-Ti, the founder of the Chinese 
Empire, under whose reign the Great Wall was built. He enforced one law, one weight, 
and one measure to rule out discord and confusion between petty states. The standards 
proposed by the Chinese Emperor were used only for the construction of the Great 
Wall and are no longer used today, but the testament of his efforts are still seen today. 
(Perry 1955 cited in Deshpande and Nazemetz 2003) 
The term "standard" has multiple definitions. Indeed the Oxford English dictionary 
offers up to thirty different definitions of the word "standard" (OED Online 2005). 
However, a commonly cited definition is one offered by the International Organization 
for Standardization (ISO), which defines a standard as: 
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~ document, established by consensus and approved by a recognized body, that 
provides, for common and repeated use, rules, guidelines, or characteristics for 
activities or their results, aimed at the achievement of the optimum degree of order in a 
given context. '(ISOIIEC guide 1996) 
Although this definition sheds light on understanding what a standard is, it does not 
give an indication of the multiple dimensions of a standard. These additional 
dimensions relate to issues like how a standard is developed, when a standard is 
developed and why a standard emerges. The remainder of this section addresses some 
of these dimensions by looking at the standardization process, the benefits of 
standardization and the classification of standards. 
2.1.1 The standardization process 
The standardization process, which deals with the development and utilisation of 
standards, is characterised by intricate interactions between stakeholders and 
organizations known as "standardizers". According to the National Standardization 
Strategic Framework (NSSF 2004a), these standardizers may be formal or informal 
alliances of public and private sector groups which are set up to assist the 
standardization process and work with stakeholders to develop solutions appropriate to 
their needs. These stakeholder needs, which may be sourced from business, 
government or society, drive the standardization process. Therefore, standardization 
activities bring together representatives from different stakeholder groups with diverse 
needs. These groups include: regulators, researchers, standards developers, standards 
sellers, standards purchasers, trainers, consultancies, certification and accreditation 
bodies, testing houses as well as users of the standards themselves (NSSF 2004a). 
Figure 2.1, which is an adaptation and extension of the NSSF 'standardization map', 
depicts these interactions through a macro view of the standardization process (NSSF 
2004b ). Looking at the right of Figure 2.1 it is evident that the perceived 'outcome' of 
the standardization process is the realisation of socio-economic benefits. 
The NSSF recognise in their supporting notes that their map only focuses on the 
'outcomes' of the standardization process, which are the socio-economic benefits, and 
not the 'outputs'. Therefore, the original map was adjusted and extended to indicate the 
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'outputs' of the standardization process, which are the 'publication of standards', and 
'the adoption and use of standards'. 
A further addition to the standardization map was the inclusion of the life cycle stages 
of a standard alongside the macro view of the standardization process. These life cycle 
stages are shown at the top of Figure 2.1. This addition was made to provide both a 
macro and micro level view of the standardization process. The life cycle stages shown 
in the micro level view include: 
o Conception 
o Development 
o Approval and Publication 
o Diffusion (Uptake) and Review. 
ConceEt~on Develoement ~ Aeeroval & Publication .. Diffusion !U2takel & Review .. 
(Lf/ecyc/1 of a standard) 
Standardization 
'Outcomes': 
Socio·economic 
Standardization Process / Benefits Business Improvement 
Identification of 
"". /' takeholder need Innovation, technology 
8 ~ f- Adoption acceptance and market Published and use of creation ~ndardization tand.,diz~ Standards standards e.g by Competitive 
<€:,overnment "Activities 
Documents, stakeholders Advantage 
Recommendations (business, 
"'--" 
f- Communication and e.t.c government, spread of best practice 
e society) V '>. Public policy ~ Regulation and Regulatory compliance Market access/prevention 
I StandardizatioQ 'Outputs' I of barriers to trade 
Consumer protection and 
assurance 
' 
Figure 2.1: Overview of the standardization process 
Various researcher and standard development organizations offer different breakdowns 
of the life cycle stages of a particular standard or standards in general. The mentioned 
19 
Chapter 2- Literature Review 
stages were a compilation of the commonly agreed stages. There is also general 
consensus amongst different authors that there is overlap in the activities carried out 
during the different stages in the life cycle of a standard (Weiss and Spring 1992; 
Deshpande and Nazemetez 2003). 
The nature of standardization varies in different regions. For example, in the United 
States (US) the system of standards development is decentralised and there is a 
dichotomy between standards developers representing professional societies and those 
representing trade associations. Thus with over 600 private sector organizations 
involved in standards development, the US system is often described as pluralistic, 
sometimes fragmented, ad hoc and market-driven. In contrast, the European 
Community (EC) model has significant government influence and is a closed system, 
integrated at both national and regional levels. Participation in formal standards 
development activities at the regional level is limited to authorised representatives of 
European national standards bodies. Hence, the EC model is often considered 
monolithic, integrated, formalistic and policy-driven (Deshpande and Nazemetz 2003). 
2.1.2 The benefits of standardization 
This link between standardization and economic performance at a macro UK economic 
level and at micro business level, is extensively documented but often under 
acknowledged (NSSF 2004c). The NSSF estimate that, at a macro level, the effective 
use of standards can contribute I% or more to GDP (Gross Domestic Product). 
Likewise, in Germany an extensive study initiated by DIN, the German Institute for 
Standardization, revealed that the benefits of standardization to the national economy 
amounts to more than US$ IS billion per year, and standards contribute more to 
economic growth than patents and licences (DIN 2000). In addition, some company 
position papers (Daimler Benz 1998) have identified the benefits of standardization to 
individual companies, and Swann and Temple offer insight into the role of standards in 
promoting international trade (Swann 2000). 
These studies show that, at the simplest level, standards define crucial aspects of 
product, process and service, operation, safety, reliability and quality. This advances 
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societal benefits, promotes health and safety, reassures customers and enables markets 
to work effectively both nationally and internationally. However, despite the 
contribution that the work involved in the conception, development and subsequent 
publication of standards makes towards the knowledge economy, there is general 
agreement that the publication of standards alone is not enough to create these true 
economic benefits (Swann 2000). The value of standards to business and indeed the 
economy at large comes from the effective and efficient adoption, use and uptake 
(diffusion) of a standard across its target population. In other words, the effective 
adoption and diffusion of a standard is vital to the standardization process for economic 
benefits to be realised (Swann 2000). Therefore, the focus of this research, which is to 
look at the factors that influence the adoption and diffusion of data-exchange standards, 
is important in ensuring that practitioners devoted to the ongoing development and use 
of data-exchange standards, and academics, gain increased knowledge and 
understanding of these factors to ensure the benefits derived from using such standards 
are fully realised. 
2.1.3 Classification of standards 
Andrew Tanenbaum is quoted as stating that, "The nice thing about standards is that 
there are so many to choose from" (Culshaw 1998). This is particularly evident when 
looking at the way in which standards are classified. One of the most often-cited 
classification schemes relates to how a standard is developed, or in other words, the 
origins of a standard. Using this classification, numerous standards development 
organizations at global (e.g. ISO, IEEE), regional (e.g. NATO, CEN), and national 
(e.g. BSI, DIN) levels produce what are often referred to as de-jure standards. In 
contrast to de-jure standards, standards are also set through the market on a de-facto 
basis, by a vast range of industry partners and consortia. In addition to the de-jure and 
de-facto classification, other authors have classified standards based on a wide range of 
dimensions such as, for example: 
o Geographic- for example international, national or regional standards 
o Industrial sector - for example, agricultural, extraction, manufacturing, and 
service (Deshpande and Nazemetz 2003b) 
o Function- for example product, process and control standards (Iversen 2000) 
21 
Chapter 2- Literature Review 
a Conformance Requirement - for example, mandatory, regulatory or voluntary 
standards (Weiss I 993, Bonino and Spring I 999). 
This list is by no means exhaustive, but gives some indication of what has sometimes 
been termed as the 'impenetrable maze' of what are generally called 'standards' 
(Jakobs 2002). 
Krechmer (2000b) offers a more holistic view of standards classification. Based on his 
approach, standards are classified in four ways, namely: unit and reference, similarity, 
compatibility, and etiquette standards. These classes relate to the waves of human 
progress in history, technology, communication and value systems. Krechmer (I 996) 
contends that standards, like humans and technology, follow an evolutionary path. He 
goes on to explain that, "Multiple standards are created and over time winnowed down 
to the most desirable and culturally acceptable standards that codify the technical 
requirements developed during the preceding wave. Future waves build upon the 
previous technical work, by reference to the standards. Standards developed during 
one wave thus become the foundation upon which the technologies for the next wave 
are built". The nature of these waves, which are shown in four historic periods, and the 
resultant standards that emerged during these waves are summarised by Krechmer 
(2000b) in Table 2.1. 
Krechmer (I996) explains that unit and reference standards define measurable physical 
qualities, for example the mile and litre. In addition, reference standards of economic 
value (currency) are the basis of monetary systems (Krechmer 2000b). The purpose of 
these standards is to achieve a sense of commonality or sameness that would have a 
replication effect. Equally, similarity standards define the allowed variations within a 
set of similar entities, for example paint colour and metal gauges. The purpose of these 
similarity standards is to achieve repeatability, which would enable harmonisation 
between like objects. The next group, which is classed as compatibility standards, 
define the interface between two or more mating elements that are compatible rather 
than similar, for example a plug and socket, or a transmitter and receiver. The purpose 
of these standards is to achieve inter-working. The final class, known as etiquette 
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standards, define the initial negotiation between independent communicating processes 
for the purpose of establishing communications. Examples of etiquette standards 
include the Aloha protocol (Laynetworks 2006), and modem handshakes. Etiquette 
standards are also being used to support wireless access, for example WINForum. The 
purpose of these standards is to achieve expandability resulting in systems having the 
ability to negotiate variable aspects of the physical layer process (Krechmer 1996). 
Table 2.1: The strata of technical standards (Krechmer 2000b) 
HistoricPeriod · 
,communiCations Barter and irade 
·routes 
.·.I~~;~~t~Jay:- [· :.<}i,f!l!<ji;ll!ll~~~age i\i,} ·• "•J 
· age ·' 1 ;se~ue.11~ial H Adaptive · ) 
Mechanised 
transport 
Electronic (e.g. 
telephony) 
·Internet 
Technology Navigation and 'Powered Linear ·Adaptive 
measuring Machines, processes processes 
Assembly lines · · (railroad) . : (computers) 
) . '. 
Class of .. 
Private property · · Invention 
ownership 
Units and 
ownership 
(patents) 
' Similarity 
~tandard · · ·•·· ·· · Reference 
2.1.4 Summary 
'' System 
ownership 
· •. Concept 
ownership 
· • (public utilities) (branded !Ds) 
·· · Compatibility · Etiquette 
This section has detailed the importance of standardization, and emphasised the need 
for effective adoption and use of standards in order that the socio-economic benefits of 
standardization are realised. This section has also highlighted the numerous ways to 
classify standards, and Krechmer's (1996, 2000b) approach was analyzed in more 
detail because he offers valuable insight into the emergence of IT standards in relation 
to the historic evolution of standards in general. The next section delves deeper into the 
world of IT standards by giving an overview of standardization in the IT sector, the 
history of!T standards and research into such standards. 
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2.2 Information Technology Standards 
Individuals, businesses and governments throughout the world use Information 
Technology (IT) extensively. Indeed, the International Data Corporation predicted that 
information technology spending would grow to $1.1trillion, in 2007 (Kawamoto 
2003). Consequently, in order to facilitate this extensive use of IT, systems need to be 
interconnected and work across applications, organizations and geographic locations 
(Burrows I 999). This has resulted in a dramatic increase in network connections, a 
proliferation of computing devices and a varied application of IT. These interactions 
highlight the critical need for a comprehensive and consistent set of standards within 
the IT sector (Spring et al. 1995). The definition of IT that has been adopted with 
regards to IT standards is similar to the definition proposed by West (2004) who states 
that, "we will define "IT" to refer to those information technologies (i.e. related to 
computers and communications) used by organizations, whether such technologies are 
acquired from external producers or produced internally by the organization". West 
(2004) goes on to explain that, "Because "IT" is most commonly used in IS journals, it 
is the term used in this article, but in this context it includes any communications 
products or services procured by organizations. In this regard, it updates the usage of 
the term in response to the call of Hanseth (2004) to study communications technology, 
but excludes the consumer-oriented technologies often subsumed by the ICT 
classification". Therefore, the definition of!T used in this thesis covers both computers 
and communication products and services. 
2.2.I History and classification of IT standards 
Standards activities in the IT sector began in the 1960s. Early standardization efforts 
were for programming languages like Fortran and Cobol and protocols for moving 
information around, such as the ASCII standard for encoding letters and symbols. As 
Ray (2002) points out, "these early standards typically focused on the way in which 
information was to be encoded (the syntax), and only peripherally described the nature 
of the information being standardized (the content)". Other early standardization 
efforts included the development of half inch magnetic tapes and disks, which 
functioned as a standard medium for storage for years and insured a proper transfer of 
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information from one computing device to another (Bonino and Spring 1999). Further 
early examples of the use of standards were in optical character recognition, magnetic 
ink character recognition, punched cards and paper tape (Burrows 1999). 
Standardization efforts have increased significantly since the 1960s, indeed the kind of 
information structures that are being standardized today are much more complex than 
even a decade ago. Computer readable forms of syntactic specifications have emerged; 
examples of these include the EXPRESS data modelling language and XML 
(eXtensible Markup Language) (Ray 2002). In addition, the push by users for open 
systems environments that provide for interoperability and data exchange across 
different vendors, platforms, applications and software is dependent upon standardized 
interfaces, protocols, services and formats (Burrows 1999). Therefore, standards in 
information technology can help the portability and compatibility of systems and hence 
the ease of exchanging information between systems (David 1987). 
The classification of IT standards, like the classification of standards in general, varies. 
Again the commonly used classification of de-facto and de-jure standards is found in 
most IT standards literature (Jakobs 2000; Weiss 1993). Another commonly used 
classification approach within the IT standards community is the concept of horizontal 
and vertical IT standards. Markus et al. (2003) explain that horizontal IT standards are 
characterised by being applicable in many industries; examples of these include 
Windows and XML. Markus et al. go on to explain that the key movers in the 
development of horizontal standards are technology providers and governmental 
agencies. On the other hand, vertical standards are developed in order to address 
business problems unique to particular industries, STEP application protocols would be 
example of vertical standards, and other examples include CIDX, the chemical 
industries standards and RosettaNet, which is a not-for-profit consortium aimed at 
establishing standard processes for the sharing of business information. A number of 
other IT standards classifications have emerged. For example, in their classification 
matrix, Spring and Bearman (1988) classify standards according to hardware, software, 
behavioural standards and social standards on one dimension, and according to their 
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information processing purpose, storage, retrieval, development and dissemination, on 
the other dimension. Sherif (1999) describes a classification similar to Krechmer 
(2000) and classifies IT standards as reference, similarity, compatibility or flexibility 
standards. IT standards can also be classified in relation to the stage in the life cycle of 
a product and, according to this idea, standards can be classed as anticipatory, 
participatory or responsive standards (Baskin et al. 1998). 
2.2.2 Research on IT standards 
Studies into the development and implementation of standards in general, and IT 
standards specifically, have been carried out from a variety of perspectives. A review 
by West (2003, 2004) into peer-reviewed IT standards research found that such 
research could be classified into four main areas: 
1. Technical content 
This stream of research typically focuses on the technical implications of a standard 
and the goal is to enable mainly technical readers to evaluate the standard for adoption 
or the construction of complementary software and products. Examples of areas that 
are covered include system architectures (Kaletas et al. 2005), communications 
standards {Akgun and Parkinson 1985) and more recently Internet-related standards 
(Cooper and Yen 2005). 
2. Standards creation 
Research surrounding the creation of IT standards is subdivided into three main 
perspectives. The technical perspective covers standards content, the creation of a 
standard and standards institutions (Lehr 1992). From an economic perspective, a 
limited number of studies have been done which look at issues surrounding the 
economic motivations and returns of participants in the standardization process, and 
general questions of 'optimal' standardization and societal welfare (Weiss and Cargill 
1992; Kotinurrni et al. 2003). The organizational perspective is focused on the process 
and the interaction of the standardization participants and the studies are presented 
from a sociological, political or business strategy perspective. 
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3. Standards selection/adoption 
This line of research focuses on the adoption of standards, organizational decisions for 
standards adoption and issues surrounding the competition between standards. A more 
detailed discussion of this research area is covered in Section 2.2.3 and Chapter Three. 
4. Standards impact (using standards) 
Studies in this line of research assess the economic value or impact of standards, and 
measure the effect that standards adoption has on measures such as efficiency, 
structure, or collaboration. As was previously mentioned, the full benefits from 
standards are not realized by simply publishing the standards, the true socio-economic 
benefits are realized from the adoption and use of standards. This is further emphasized 
by Tornatzkky and Fleischer (1990) who point out that the adoption of an innovation is 
not the end of the story; there is also the question of whether it delivers the expected 
benefit. Therefore, studies have been done to identifY the impact of standards. Like the 
previous research areas, studies relating to the impact of standards have been carried 
out at a technical (Walli 1999), economic (Swann 2000), and organizational 
perspective (Siiderstrom 2005). 
West (2003) states that the first of these areas, technical content, is the most visible and 
consistent stream in IT standards research and is well covered in engineering and 
computer science, with many examples found in journals such as Communications of 
the ACM (Association of Computing Machinery), various IEEE Transactions and the 
Computer Standards and Interfaces Journal. However, there is still limited empirical 
research that addresses the remaining three areas that cover issues relating to the 
development, the adoption and the outcome of IT standards (Markus et al. 2003). 
Further testament of this was shown in a study carried out by King and Lyytinen 
(2003), who found that, "there have been relatively few scholarly papers on 
standardization informing the scholarly discussion in the IS field''. King and Lyytinen 
(2003) go onto state that, "slightly more than 2% of the published journal articles in 
three top journals in the IS field (MISQ, ISR, CA CM) have dealt with standards over 
the past 10 years. Moreover, most of this work has reported on newly established ICT 
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standards rather than examining the events, factors and impacts related to standard 
setting processes". This finding resulted in the commissioning of a special issue of 
MISQ on 'standard making' in 2003. 
Studies, like the one carried out by King and Lyytinen (2003), show that although 
research into IT standards has been carried out, there is still a need for empirical 
research into IT standards particularly in the IS field. The term IS encompasses 
technology as well as the social organizational structure, culture, intellect and 
philosophy related to the distribution of information. In light of this, West (2004) 
developed a matrix shown in Table 2.2, which highlights IS standards research topics 
by phase and theoretical domain. 
Table 2.2: Potential IS standards research topics by phase and theoretical domain 
(West 2004) 
I ~base · ]IT~chnical ::I! Econmnic • ( Jl Org11nizational ) 
D Technical Business Semantic content . interoperability · rationale for • and standard · standard ! .. 
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Adoption 
goals 
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development 
standards 
Incomplete 
; institutions 
'. 
Switching costs '· Diffusion 
Network effects Organizational 
resistance 
·Return on 
u . standardization . : investment 
. ' 'IT staffing 
Organizational 
. change 
. 
. 
. 
2.2.3. IT standards adoption research 
From Table 2.2 it can be seen that one of the main research areas to look at is IT 
standards adoption. A review of the wider literature surrounding the adoption of IT 
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standards revealed that most research was based on two theories; Diffusion of 
Innovation (DO!) theory and a theory often termed "the Economics of Standards". 
Most DO! studies build on Rogers (2003) sociology model for the adoption and 
diffusion of technology innovations. This model captures the characteristics of the 
innovation, communication channels and social system as they interact over time. 
Rogers (2003) lists five innovation attributes that influence the adoption decision, these 
include: relative advantage, compatibility, complexity, trialability and obervability. 
The social system characteristics can be further divided into characteristics of the 
individual, group, organization, decision makers, and the roles of opinion leaders and 
change agents such as champions. Communication channels are important to the 
adopting community for learning about the existence and substance of an innovation. 
These channels may be internal or external to the organization and may transmit either 
formal or informal communications (Prescot and Cogner 1995). Mustonen-Ollila and 
Lyytinen (2003) go on to list 28 DOl-related attributes in their meta-analysis of over 
200 information-system adoption decisions. These DO! studies show that this theory 
provides a rich explanation of how new innovations are adopted, and how adoption 
decisions are affected by perceptions of the standard itself as well as the characteristics 
of the adopters and their environment. 
In addition to classical diffusion of innovation theory, the adoption of standards has 
been studied from an economic perspective (Fichman and Kemerer 1993, Katz and 
Shapiro 1986). This stream of diffusion research is often labelled as "economics of 
standards", and focuses on an innovation's inherent economic value for potential 
adopters. Two main theories have been used within this economic stream. The first 
related theory is network effects. Network analysis is often based upon the theory of 
positive network effects, or network externalities, which describes a positive 
correlation between the number of users of an artefact and the utility of the artefact 
(Katz and Shapiro1985). In other words, as more people adopt a particular standard, 
the value of that standard increases, encouraging additional adoption (Nitin and 
Walden 2003). A second factor that is often classed under "economics of standards" is 
switching costs. In this context, it refers to a standard specific investment that makes 
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organizations hesitant to change a supported standard. Other theories, such as Game 
Theory have been used to understand the adoption of IT related standards using 
simulated models (Xia et al. 2003; Belleflamme I 999; Stockheim et al. 2003). 
However, Fichman (2000) argues that the variety among potential scenarios is so great 
that no single theory of innovation adoption and diffusion is likely to emerge. 
Nonetheless, they do propose that innovations are most likely to be dominant when 
they score highly on both diffusion of innovation and economics of standards criteria 
(Fichman and Kemerer I 993). 
Within the STEP community, only two specific studies by Dreverman (2005) and 
Meister (2004) have been carried out to assess the factors that impact the adoption of 
ISO data-exchange standards. Dreverman carried out a study, sponsored by USPI-NL 
{The Dutch process and power industry association), into the adoption of three product 
model data standards in the process industry supply chain. The three standards studied 
were ISO 10303 {STEP), ISO I5926 and ISO 13584, all of which are developed by the 
ISO sub-committee ISO/TCI84/SC4. The initial problem statement for his research 
was: The speed of adoption of product model data standards in process industries 
seems to be lower than in other industry sectors. 
Consequently, Dreverman (2005) sought to establish the factors that impede or slow 
the adoption of these standards within the process industry. Dreverman used factor 
analysis and actor analysis to establish the issues surrounding the three named 
standards. The factor analysis was based mainly around the factors identified in DOl 
theory, and the actor analysis described how the motives, power and actions of the 
various actors in the process industry affected the adoption of the standards. This study 
offered insight into the developmental and organizational factors that impact the 
adoption of these standards. 
Meister carried out a longitudinal study of the development and implementation of 
STEP over 20 years from the perspective of ISO/TC I 84/SC4 sub-committee members. 
Meister notes in his study that, "while STEP is in use in companies around the world, 
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its adoption has not been as widespread as initially expectecf'. As a consequence, 
Meister's research sought to answer two questions: 
o Why were organizations not adopting STEP, even if they were participating in 
its development through the standards writing process? 
o Why has STEP adoption been so slow, or at least is it perceived to be? 
Meister answered these questions using a single-site interpretive case study approach, 
based on three theoretical lenses, namely: 
o Economic-based literature 
o Diffusion oflnnovation theory 
o Institutional theory. 
This study offered insight into the developmental and organizational factors that impact 
the adoption of data-exchange standards from the perspective of the ISOffC 184/SC4 
community. Meister (2002) conducted an additional similar study that offered a more 
comprehensive, empirically backed discussion into the common concerns managers 
need to recognise and anticipate in order to minimise the negative outcomes of using 
standards for manufacturing connectedness. Meister (2002) did offer insights into the 
organizational factors that may hinder the adoption of STEP. However, the study was 
limited to a manager's perspective and was not specific to STEP, but was a general 
study into standards used in manufacturing connectedness such as SGML (Standard 
Generalized Markup Language), ANSI X.l2, EDIFACT and IGES. Nevertheless, 
Dreverman (2005) and Meister's (2004) research are the only two studies that have 
been carried out concerning the adoption of standards produced by the subcommittee 
ISOffC184/SC4, which is responsible for the development of STEP, despite the fact 
that to date the subcommittee has published 367 standards (ISO 2006). 
This lack of published studies on the adoption of data-exchange standards validates the 
need for the research presented in this thesis, and reinforces Swann's (2000) assertion 
in his report for the Department of Trade and Industry in the United Kingdom, that "the 
literature concerning the factors that influence the rate of uptake (diffusion) of 
standards is limitecf'. This assertion by Swann is further confirmed by authors such as 
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Bryne and Golder (2002) and Markus et al. (2003) who explicitly state that the 
literature surrounding IT standards adoption is limited and that there is a need for more 
empirical studies on IT standards adoption. Therefore, empirical studies into the 
adoption of IT standards, more specifically data-exchange standards such as STEP, are 
needed to add to the current limited research on the adoption of these IT standards 
within the IS field. 
2.2.4 Summary 
This section has given an overview of the history and classification of IT standards, 
and analyzed the four main research domains surrounding IT standards. One area that 
still has opportunities for additional research is IT standards adoption. The review of 
the literature indicated the main theories in IT standards research. In addition, what 
emerged was the existence of only two studies that have analyzed the issues 
surrounding the adoption of standards produced by subcommittee ISOffC 184/SC4, 
which is responsible for the development of STEP. This lack of studies in IT standards 
research highlights the importance of this research in adding to the current limited body 
of knowledge surrounding IT standards adoption. 
2.3 Conclusion and Validation of Research Aims 
This chapter began by detailing the importance of having effective and efficient uptake 
of standards in order to realise the socio-economic benefits of the standardization 
process. That line of thought was then extended to show that understanding the factors 
that impact the adoption of standards is important in ensuring practitioners devoted to 
the ongoing development and use of standards, and academics, gain increased 
knowledge of these factors so steps can be taken to ensure these socio-economic 
benefits are fully realised. A brief overview of the history and classification of 
standards in general and IT standards specifically followed. These sections provided a 
richer context and background to understanding the emergence of IT standards in 
relation to standards in general. A more in-depth study into the literature surrounding 
IT standards revealed that although research on IT standards has been carried out, there 
was still a need for empirical research into IT standards, particularly in the IS field, and 
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more specifically in the IT standards adoption research area. This discovery validates 
the aims of this research, which are to: 
I. Establish the factors and barriers that influence the adoption of data-exchange 
standards. 
2. Develop guidelines to facilitate and accelerate the adoption of data-exchange 
standards. 
The purpose of fulfilling these aims is to add to the current limited body of knowledge 
surrounding IT standards adoption and provide academics and practitioners involved in 
the development and use of these standards, tools and guidelines to facilitate the uptake 
of these standards so their benefits may be fully realised. In light of this, the findings 
. presented in this chapter acted as the foundation for fulfilling Objective I, which was: 
To develop a preliminary conceptual model that identifies the factors and barriers 
critical to the adoption of data-exchange standards, through the study of published 
literature. 
The next chapter fulfils this objective and offers a more in-depth analysis of IT 
standards adoption research and presents the two models developed to capture the 
factors that impact the adoption of data-exchange standards. 
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CHAPTER3 
ADOPTION AND DIFFUSION MODELS 
Chapter Preface 
This chapter builds on the literature review by assessing in more depth the models and theories 
that have been used to study the adoption of IT and data-exchange standards. The chapter 
begins by giving an overview of terminology and meanings associated witb tbe terms 
'diffusion' and 'adoption' in light of the current research. The remaining sections provide an 
additional context and background for tbe research and present evidence and support from the 
literature for two preliminary conceptual models tbat have guided this research. 
3.1 Introduction 
The motivation behind this research is to identify the factors that impact the adoption 
of data-exchange standards, such as STEP. As highlighted in Chapter One, research 
into the adoption of STEP and other standards produced by ISO!TCJ84/SC4, which is 
the ISO technical committee responsible for the development of STEP, is very limited. 
Currently there are only two known empirical studies (Dreverrnan 2005; Meister 2004) 
that shed light on the factors associated with the adoption of ISO!TC 184/SC4 (referred 
to as SC4 for the remainder of the chapter) standards like STEP. This means that 
practitioners devoted to the ongoing development and use of these standards, and 
academics, still lack a significant body of evidence regarding the factors and barriers 
critical to their adoption. 
Chapter Two then went on to show that research into standards adoption is important in 
ensuring the socio-economic benefits of standardization are fully realised. This is 
particularly true for IT standards, which are the cornerstone for the burgeoning IT 
sector. In addition, Chapter Two gave insight into the IT standards research domain as 
a whole. West (2003) revealed that there is still a significant lack of direct standards 
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related research within the IS community and went on to identify IT standards adoption 
as a domain that still required research. Therefore, what these first two chapters have 
shown is that this thesis is not only filling a gap within the STEP and SC4 
communities, but is also making a contribution the wider body of knowledge 
surrounding IT standards adoption research. 
In light of this, the aim of this chapter is twofold, the first is to provide a more detailed 
review of the literature surrounding IT standards adoption, and the second is to develop 
two models that capture the factors and barriers critical to the adoption of data-
exchange standards. The objective is to provide an additional context and background 
for the research and to present evidence and support from the literature for the 
preliminary conceptual models that guided this research. The first section of the 
chapter gives an overview of the meanings and definitions associated with words like 
'adoption' and 'diffusion' and correlates that with the innovation and adopter centric 
approaches taken in this thesis. The second and third sections then give a detailed 
background behind the development of the two models. The preliminary models 
developed in this chapter are viewed as a 'first cut' of the research domain as described 
by Miles and Huberrnann ( 1994 ). The validity and relative importance of the identified 
factors will be assessed in Chapter Five and Six. The concluding section gives a 
summary of the chapter and introduces the standards and organization that will be used 
to test and verify these models. 
3.2 Adoption and Diffusion Terminology 
The terms adoption and diffusion are often used interchangeably in IT standards 
research. Some authors make a distinction between the two terms (Prescott and Cogner 
1995; Nelson and Shaw 2003), but most authors, such as Chen (2003), tend to discuss 
the issues surrounding adoption and diffusion without making any clear distinction of 
the meanings of the two terms, leaving the readers to make assumptions about the 
intended meaning of the words. In light of this it was considered necessary to make a 
clear distinction between the meanings associated with the words 'adoption' and 
'diffusion'. 
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The Compact Oxford English dictionary defines diffusion as "the action or process of 
becoming spread over a wide area" (AskOxford.com 2005). However, this meaning 
varies across different application areas. For example, within physical sciences, 
diffusion relates to the spontaneous spreading of, for instance, particles, heat or 
momentum. Another example is in the field of anthropology, which defines diffusion 
as the flow of an idea or artefact from one culture to another. Further examples of 
different application areas include the diffusion of responsibility from a social 
perspective and diffusion from a business perspective (Wikipedia 2005). The latter 
application area relating to business is the area that is relevant to this research. Within 
the business environment diffusion relates to the process by which a new idea 
(innovation) or new product is accepted by the market. According to the Internet 
encyclopaedia, Wikipedia, over the years there have been several theories that explain 
the mechanics of diffusion from a business perspective, examples of these are shown in 
Table 3.1. 
Table 3.1: Business focused diffusion theories (Wikipedia 2005) 
J'Tii'e,li'ri'e'S'.....,....., fD~scri~fion . : ... > :· : : ;, . . : , , . I 
. Productstend to be expensive at first,' and therefore .only ac.cessible 
to the wealthy social strata, but it is believed that in time they 
. become less expense and are diffused to lower and lower strata. 
· (Aghion and Bolton 1997) ~:;;;:;;::;~:;;;:;:_;:;;;~: The adopiers. of any new Iimovation or idea can be categorized as l 
of fnnov~tions· ..._ · innovators, early adapters, early majority, late majority and laggards 
(DQI) theory > · ·. (Rogers 2003). 
' ~ ' ' ' ' . - . 
. A modification of Rogers'DO(theory applied to the technology. 
! -" 
market with a chasm added that relates to making the transition .· 
between visionaries (early adapters) and pragmatists (early majority) 
. , :; : (Moo re 1999). 
~T:;:;e:::~:;:h:::n;:~l;::,~:::;gy;_:;_~;:~~;:::~=.•n:;,:;:_ ; These modelstendto focus.on software.diffusion in an organization. 
mddels '. · · '·. ' · One of the earliest and commonly referenced is the Technology 
.........,...,_..;......~.,........ ........ 
' Acceptance Model (TAM), which was first formulised by Davis et •• 
al. (I 989) and Bagozzi et al. (1992) . 
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Of the five business-focused diffusion theories, only two are relevant to this research, 
these include Rogers' DOl theory and the technology-driven models. The remaining 
three theories are beyond the scope of this research. The technology-driven models are 
directly relevant to identifying factors for IT standards adoption within an organization, 
and DOl theory is relevant because it is heavily cited in previous IT standards research. 
Details of each of these theories are discussed later, in Sections 3.2 and 3.3 
respectively. However, the use of DOl theory does offer a starting point for a clearer 
definition of diffusion in the context of this research. The definition of diffusion, as 
prescribed by Rogers, states that:' Diffusion is the process by which an innovation is 
communicated through certain channels over time among the members of a social 
system' (Rogers 2003). 
The term communicated in this context can be aligned to the word adoption. Thus, in 
the context of this research, diffusion is seen as an aggregation of the adoption process 
of the members of a social system over time. However, West (1999) contends that most 
research on innovation adoption focuses on a single innovation and who adopts that 
innovation. This is an innovation-centric approach. Another stream examines a single 
adopter, usually an organization, and the innovations it adopts. This is referred to as an 
adopter-centric approach. West (1999) continues his discussion by commenting that 
innovation-centric diffusion research tends to have a pro-adoption bias, with late 
adopters labelled "laggards". This bias is weaker in the study of adopting 
organizations, which instead demonstrates a bias towards the ability to adopt any 
innovation rather than any particular innovation. In order to limit the level of bias this 
research seeks to offer a balanced analysis into the factors that influence the adoption 
and diffusion of data-exchange standards by taking both an innovation-centric and 
adopter-centric approach. Therefore, an important objective of this research is to make 
a distinction as to how the concepts of diffusion and adoption relate to these two 
approaches. 
The innovation-centric approach focuses on the general adoption and diffusion of a 
standard, the adopter-centric approach examines the adoption of standards within 
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organizations from a decision-making perspective. From an innovation-centric 
perspective, diffusion would be an aggregation of the adoption and implementation 
process of each organization within an innovations-targeted social system over time, as 
shown in Figure 3 .1. Therefore, an innovation-centric study looking at the adoption and 
diffusion of an IT standard would tend to focus more on the innovations characteristics 
and the general characteristics of the organizations adopting the innovation. Details of 
each individual organization are generally not the focus, although generalisations may 
be made to establish trends across different types of organizations within a social 
system. For example, generalisations may be made about Original Equipment 
Manufactures (OEMs), Small to Medium Enterprises (SMEs) or primary contractors 
and subcontractors. 
New innovation 
(standard) process 
Organization I 
Diffusion 
over time 
Figure 3.1: Diagrammatic representation of innovation-centric adoption and diffusion 
According to the adopter-centric approach, diffusion would be an aggregation of the 
adoption and implementation decisions within an organization over time as shown in 
Figure 3.2. 
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Figure 3.2: Diagrammatic representation of adopter-centric adoption and diffusion 
Gallivan (200 l) ascertains that an organizational adoption process is broken into two 
stages, primary adoption and then secondary adoption and assimilation 
(implementation). Primary adoption relates to the adoption decision by an organization 
to take on a new innovation, whereas secondary adoption and assimilation deals with 
the decisions individuals or departments make regarding an innovation their 
organization has decided to adopt. Secondary adoption is further broken down into 
processes of implementation, initiation, adaptation, acceptance, routinization and 
infusion (Gallivan 2001). Therefore, at a high level, this approach will focus on the 
process of an organization's adoption decision and characteristics specific to the 
organization and departments, individuals or tasks within the organization. Most of the 
diffusion 'technology-driven models' deal with the issues surrounding primary and 
secondary adoption of technology within an organization. 
This section has shown the interrelationship between diffusion and adoption. It started 
by tracing the different applications of the word diffusion and, in the context of this 
research, diffusion can be described as aggregation of the adoption process over time. 
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This definition was further explained in relation to the innovation and adopter centric 
approaches identified by West (1999) and shown in Figures 3.1 and 3.2. The following 
sections detail the development of these two models from the current literature 
surrounding IT standards adoption. 
3.3 Innovation-centric approach 
The innovation-centric approach focuses on the factors and barriers that impact the 
adoption of an innovation across its targeted social system. In this case, the innovation 
being an ISO data-exchange standard produced by the SC4 subcommittee. In order to 
establish the factors, this section reviews the literature surrounding the innovation-
centric approach and then chronicles the development of the finalised innovation-
centric model that guided this research. 
3.3.1 DOl theory 
A review of the literature surrounding the adoption of IT standards revealed that most 
innovation-centric research was based on Diffusion of Innovation (DOl) theory. Most 
DOl studies (Hovav et al. 2004; Prescot and Cogner 1995; Huff and Munro 1985; 
Mustonen-Ollila and Lyytinen 2003; Sauer and Lau 1997; Nilkanta and Scamell 1990) 
build on Rogers (2003) sociology model for the adoption and diffusion of technology 
innovations. This model captures the characteristics of the innovation, communication 
channels and social system as they interact over time. Rogers (2003) lists five 
innovation attributes that influence the adoption decision: relative advantage, 
compatibility, complexity, trialability and observability. Other researchers have either 
adopted or built upon these five basic attributes, but in most cases any additional 
attributes can be easily mapped onto one of the five attributes (Mustonen-Ollila 1999). 
The social system characteristics can be further divided into characteristics of the 
individual, group, organization, decision makers, and the roles of opinion leaders and 
change agents like champions. Communication channels are important to the adopting 
community for learning about the existence and substance of an innovation. These 
channels may be internal or external to the organization and may transmit either formal 
or informal communications (Prescot and Cogner 1995). Mustonen-Ollila and Lyytinen 
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(2003) go on to list 28 DOl-related attributes in their meta-analysis of over 200 
information-system adoption decisions. 
These studies show that DOl theory provides a rich explanation of how new 
innovations are adopted, and how adoption decisions are affected by perceptions ofthe 
standard itself as well as the characteristics of the adopters. The two relevant factors for 
the purpose of the innovation-centric approach are: 
i. Standard (innovation) characteristics 
An innovation may take the form of a new idea, technology, product or administrative 
process. In the current context, the innovation is a data-exchange standard. The 
standard characteristics are based on the five attributes recognized by Rogers and an 
additional attribute identified for data-exchange standards. An explanation of each 
attribute is given: 
~ Relative advantage is the degree to which the standard has clear advantages over 
others to meet the existing functionality requirement. 
~ Compatibility is the degree to which the standard is perceived as being consistent 
with the existing practices, values, skills and technological infrastructure of 
potential adopters. 
~ Complexity refers to how easy the standard is to understand, implement and use. 
~ Trialability refers to the ability to verify and quantify the benefits of the new 
standard. 
~ Observability is defined as the ability to observe benefits. The benefits offered by 
the standard are apparent by visual demonstration or logical description. 
~ "Characteristics of related implementation technologies" is an attribute that has 
been added specifically for standards similar to PLCS that are implemented using 
different technologies. Adoption of the standard may also be influenced by the 
characteristics of these implementation technologies such as EXPRESS, XML and 
Web services. Weston and Whidett (1999) list a number of attributes that can be 
used to evaluate these technologies. They include: level of consensus, product 
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availability, completeness, maturity and stability, problems and limitations and 
interoperability of the technology. 
ii. Characteristics of the adopting commnnity 
The characteristics of the adoption community relates to the innovativeness of the 
organizations in the adopting community or social system of a standard. Organizations 
that are more innovative may be more likely to consider adopting a standard at an early 
stage. Rogers (2003) in his adopter categorization model terms such organizations as 
'innovators'. The next category, termed 'early adapters', tends to be visionaries who 
are more willing to take risk. The 'early majority' tend to avoid risks but are quick to 
adopt and implement the standard when 'early adapters' demonstrate the standard's 
benefits. The 'late majority' are more sceptical and are influenced because others have 
adopted the standard, such as when their major trading partners require to them to use 
the standard. The final group, termed as 'laggards', do not engage in the adoption 
process and tend to be more traditional. These organizations tend to lack the resources 
or business insight to adopt the standard, and as a consequence the organizations are 
not involved in adopting the standard and usually wait until they has no choice other 
than to adopt it. Two key factors surrounding the innovativeness of the adopting 
community that affect the adoption and diffusion of a standard are: 
a Organization size and type: The size of an organization may influence the adoption 
and diffusion process. For example, the defence industry and large government 
agencies are traditionally said to be strong supporters of standardization efforts 
(Chen 2003). Consequently, if a large organization chooses to adopt a standard, 
dependent SMEs (Small to Medium sized Enterprises) may be forced to adopt 
similar standards. 
a Organization culture: The willingness of an organization to adopt a standard is also 
influenced by the culture of the organization. An organizations culture can be 
expressed in its attitudes towards change and the standard itself. 
Therefore, the two factors that have emerged from DOl theory are standards 
characteristics and characteristics of the adopting community. The third factor 
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identified by Rogers, communication channels, is also incorporated in the model, but is 
discussed in Section 3.3.3. 
3.3.2 Standards conception and development process 
A second group of factors have emerged from the conception and development process 
of a standard. In their taxonomy of the causes of standards implementation problems, 
Egyedi and Dahanayake (2003) identified four main categories shown in a schematic 
representation in Figure 3.3: 
I. The conceptual idea of the standard 
2. Standards process 
3. Standard specification 
4. Implementation process 
Causes in Standards Causes in 
Context Implementation Context 
I ,, ~ 
Conceptual Idea standards .. Standard implementation .., Standard 
of Standard process Specification process ... Implementation 
~ 
e.g. Institutional 
Causes 
Figure 3.3: Schematic representation of phases leading up to the standards 
implementation process (Egyedi and Dahanayake 2003) 
The first category in the taxonomy relates to the 'conceptual idea of a standard'. In 
their research, Egyedi and Dahanayake (2003) explain that the conceptual idea that 
underlies a standard may not work satisfactorily when implemented, for example the 
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scalability of Java. They go on to contend that this could result in tailoring of the 
standard, which would jeopardise the interoperability of implementations. The second 
category is described as the 'standards process', which they determine as issues 
surrounding consensus and decision-making within a standards organization. The third 
category, which is the 'standards specification', relates to the characteristics of the 
standard as described by DOl theory. The final category of Egyedi and Dahanayake's 
representation relates to the implementation process of a standard. Egyedi and 
Dahanayake's (2003) taxonomy is a starting point for identifYing some of the key 
issues that impact the adoption of IT standards. This taxonomy highlights the fact that 
the issues surrounding the adoption of a standard start from the conception of a 
standard, where the conceptual ideas are formed, and continues through to the 
implementation process. 
l Revhlo:as 
Conteptioa ~ Approv1l AdoPtion ... Review __!-------. W itladuwal ... 
••• 
· ~ ~.IUu sio'n· or the 
Development Publiution (im pleJ!l ent1tlon uandard proceu [ ... , aDd uu) . 
Figure 3.4: Overview of life cycle stages of an ISO standard 
Within the ISO body, the development process is made up of six stages and a review 
process. The six stages are: Proposal stage; Preparatory stage; Committee stage; 
Enquiry stage; Approval stage, and Publication and review stage. A review of the 
standard can result in a confirmation, revision or withdrawal of the standard. A full 
description of each of the stages can be found in Appendix B-1. For the purpose of this 
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research the six stages are grouped into two categories, namely: "Conception and 
Development" (proposal, preparatory, committee and enquiry stages) and "Approval 
and Publication". These categories along with the review process are shown to depict 
the life cycle stages of an ISO standard in Figure 3.4. It is clear from Figure 3.4 that the 
factors that feed or point towards the adoption of the standard are 'conception and 
development', 'approval and publication' and 'revisions'. 
Mapping this life cycle categories against Egyedi and Dahanayake's (2003) schematic 
representation, the three life cycle stages now represent the following: 
i. Conception and Development process 
This relates to the first category identified by Egyedi and Dahanayake (2003), that is 
the 'conceptual idea of a standard'. The literature reveals other issues within this factor 
that may impact the adoption of data-exchange standard. Gerst et al. (2005) detail, 
through a case study, how standardization efforts can be triggered by a complex array 
of economic and political considerations. What they show is that the drivers or 
motivations behind the development of standard can impact the standardization 
process. However, it is not known if these motivations simply act as a trigger for the 
development of a standard or whether they have more wide reaching implications for 
the adoption of an IT standard. Another topic connected to the previous issue relates to 
the roles of the initiators of the development of a standard and whether this impacts the 
adoption of the standard. 
This development dimension of this factor covers the 'standards process' and deals 
with two main topics, namely: 
IJ The nature of the alliance body. This topic deals with issues surrounding the nature 
and characteristics ofthe alliance body, which in the case of STEP is the ISO body. 
It also covers how issues surrounding consensus and decision making may impact 
the adoption of a standard. This ties in directly with some of the issues identified by 
Egyedi and Dahanayake (2003) and other authors (Weiss and Cargill 1992; Nelson 
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and Shaw 2003) with regards to the impact of a development organization on the 
adoption and implementation of a standard. 
o Balance and diversity of the different stakeholder groups during the development 
process. Authors, such as Jakobs (1996), have looked at the pros and cons of end-
user involvement in standards development. Other authors such as de Vries et al. 
(2003), who have carried out in-depth analysis of the dynamics of standards setting 
committees, ascertain that the composition of the standards committees is an 
essential element of standardization. They go on to note that many standardization 
processes are characterized by imbalances in stakeholder representation. This 
research seeks to establish if these issues emerge within the development of the 
data-exchange standards and how they may have impacted the adoption of the 
standards. 
ii. Approval and Publication Process 
The approval and publication process deals mainly with issues of timescales for 
development and reaching consensus and again deals with the 'standards process' 
identified by Egyedi and Dahanayake (2003). One of the most commonly debated 
issues within IT standards research is the perception that the standards processes of the 
various standards development organizations, such as ISO, are too slow to keep pace 
with technological innovations surrounding such areas as the Internet and other 
technological developments (Walli 1999; Burrows 1999; Sherif 2003; Jakobs 2002). 
The cause of these delays is often attributed to issues surrounding consensus and the 
decision-making process. 
iii. Revisions 
This factor looks at revisions of the standard from two perspectives. The first looks at 
revisions that take place after a formal review of the standard and how this impacts the 
standard in terms of backward-compatibility issues. This is a topic that that has been 
touched on by Egyedi and Loeffen (2002). The second revision issue relates to 
revisions of the standard that take place during the development process. 
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These three identified factors will make part of the innovation-centric adoption model 
shown in Figure 5.3 and deal mainly with issues directly surrounding the conception 
and development of an IT standard and how that impacts the subsequent adoption of a 
standard. The third category in Egyedi and Dahanayake's (2003) taxonomy, 'standard 
specification' is dealt with in DOl theory, and the final category, 'implementation 
process' is covered in the adopter-centric perspective. 
3.3.3 Standardization issues and additional factors 
This next group of factors have been identified from research carried out by Krechmer 
(2000) into market-driven standardization. Within his research Krechmer identified 
eight key areas that distinguish consortia-driven standards from standards developed by 
formal standards development organizations like ISO. The eight areas he identifies 
include: funding source, standards development process, intellectual property, national 
focus, brand identification, standards promotion, compatibility testing and collusion. 
Collusion addresses the issues surrounding illegal agreements that participants of a 
standards committee may make to restrain trade, and as is out of the scope of this 
research. In addition to that, one factor, the standards development process, has already 
been considered in Section 3.3.2. Therefore, the remaining six factors are considered 
relevant within the scope this research and have been added to the innovation-centric 
model as issues that require further investigation to assess if they have an impact on the 
adoption of a data-exchange standard. These six factors are grouped under the title 
'standardization issues'. 
The final group of factors is taken from research carried out by Themistocleous (2002) 
into the adoption of Enterprise Application Integration (EAI) technologies. In his 
study, Themistocleous recognised four main areas that would be relevant to an 
innovation-centric approach, namely; 
o Costs, which may be explicit or hidden and cover both development costs and 
implementation costs; 
o Benefits, which may be intangible and tangible. Included in this is the issue of 
the Return on Investment (ROI) of a standard. What is key is ascertaining 
whether this has been established in any case studies; 
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1:1 Barriers that may be common to the adopting community at large or be 
organization specific. 
1:1 Support in the form of promotion and awareness, pilots and demonstrations, 
sponsorship and information and communication channels identified by Rogers 
(2003). 
3.3.4 Innovation-centric model and summary 
This section has chronicled and discussed the factors that may impact the adoption of a 
data-exchange standard from an innovation-centric perspective. The validity of these 
factors and the nature in which they may interact is not immediately obvious. 
Therefore, a conceptual model could not be developed at this stage. Consequently the 
author developed the conceptual framework shown in Figure 3.5 to represent all the 
factors discussed in this section. This framework acted as the foundation upon which 
the finalised innovation-centric model, presented in Section 5.8, was developed. The 
next section chronicles the development of the adopter-centric model. 
Conception and 
developm eat 
rocen 
Staadardiutloa 
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Characteristics or 
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eo m m unity/organizations 
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Cbanelerlstlu 
Approval and 
Publication 
ProceSJ 
Figure 3.5: Innovation-centric adoption and diffusion framework 
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3.4 Adopter-centric Approach 
The adopter-centric approach focuses on the factors and barriers that impact the 
adoption of an innovation within an organization. Therefore, in order to establish the 
factors, this section chronicles the development of the adopter-centric model from 
previous theories and models. 
3.4.1 Two-stage organization adoption and adopter-centric model 
The adopter-centric approach looks at the diffusion of an innovation within an 
organization. Zaltman et al. (1973) examined innovation adoption within organizations 
and determined that the adoption process frequently occurs in two stages, an 
organization-level decision to adopt an innovation (primary adoption), followed by 
actual implementation, which includes individual adoption by users (secondary 
adoption). Figure 3.6, offers a high-level overview of this adoption process with an 
extension provided by Gallivan (2001) to give insight into more of the secondary 
adoption features. 
Figure 3.6 illustrates the key processes at a high level of analysis. According to 
Gallivan (2001), managers identify objectives to change some aspect of their business, 
seek available innovations, which may fit their objectives, and then make the primary 
adoption decision. Gallivan goes on to explain that, "Once the primary adoption 
decision has occurred, management may proceed by three fUndamentally different 
paths to ensure secondary adoption: (I) they can mandate that the innovation be 
adopted throughout the organization at once; (2) they can provide the necessary 
infrastructure and support for users to adopt the innovation, while allowing it to 
diffuse voluntarily; or (3) they may target specific pilot projects within the firm, 
observe the processes and outcomes that unfold, and decide whether to implement the 
innovation more broadly later on". 
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Primary Adoption Secondary Adoption and Organisational 
(Adoption Decision) Organisational assimilation Processes Consequences 
Focus of this research Not directly studied in this research Not directly 
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Figure 3.6: Primary and secondary organizational adoption (Gallivan 2001) 
Figure 3.6, developed by Gallivan (2001), also highlights the two main areas of focus 
of organizational adoption. Some authors, such as Chen (2003), focus on the adoption 
decision process, namely primary adoption. Other authors follow Gallivan's approach 
and focus on secondary adoption. However, as shown in italics within Figure 3.6, the 
focus of this thesis is related to the primary adoption of data-exchange standards within 
an organization. 
Most of the technology diffusion models focus on secondary adoption. Indeed the 
frequently cited Technology Acceptance Model (TAM), proposed by Bagozzi et al. 
(1992) and Davis et al. (1989), is used to address this issue. Recent studies have 
extended the original TAM model. Venkatesh et al. (2003) carried out an extensive 
review of eight predominant IT acceptance models. The eight models they reviewed 
were the theory of reasoned action, the technology acceptance model (TAM), the 
motivational model, the theory of planned behaviour, a model combining the 
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technology acceptance model and the theory of planned behaviour, the model of PC 
utilization, the innovation diffusion theory, and the social cognitive theory. Venkatesh 
et al. (2003) went on to develop a unified model, called the Unified Theory of 
Acceptance and Use of Technology (UTA UT) that was empirically tested against four 
organizations. This model and many of the previously established models provide 
insight into individual acceptance of information technology, which relates more 
directly to secondary adoption. However, due to time and resource constraints the 
scope of this research was limited to primary adoption. So details of many of the 
technology acceptance models went beyond the scope of this research. Nonetheless, 
aspects relating to secondary adoption will be indirectly assessed in terms of their 
relation to the adoption decision. In light of this, a model was developed to assess the 
primary adoption decision process. 
3.4.2 Adopter-centric model 
A starting point for this model was the model developed by Chen (2003) when looking 
at the adoption ofXML and Web services. The model, shown in Figure 3.7, is based on 
the idea of an IDEFO diagram, IDEF standards are the 1320 series of IEEE standards 
(IEEE 2006). 
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Figure 3. 7: XML and web services adoption and diffosion model (Chen 2003) 
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There are five elements in the IDEFO functional model as shown in Figure 3. 7. As 
Whitman et al. (1997) explain, "The activity (or function) is represented by the boxes; 
inputs are represented by the arrows flowing into the left hand side of an activity box; 
outputs are represented by arrows flowing out the right hand side of an activity box; 
the arrows flowing into the top portion of the box represent constraints or controls on 
the activities; and the final element represented by arrows flowing into the bottom of 
the activity box are the mechanisms that carry out the activity". This model was a 
starting point for Chen (2003). He identified several factors that affect the adoption and 
diffusion decision, namely, the stakeholders, organizational factors and IT standards 
characteristics. Two of the factors link to factors identified in traditional DOl theory 
(Rogers 2003). However, an organization's primary adoption decision will be impacted 
by an additional input factor. As West (2003) points out, "Much of the technology 
diffusion literature focuses on the adoption decisions of individuals, either for 
themselves or for their employers. But for organizations, many technologies are "too 
big and complex to be grasped by a single person's cognitive power-<>r usually, to be 
acquired or deployed within the discretionary authority of any single organizational 
participant". 
West (2003) goes on to contend that a more robust and influential framework for 
understanding technology adoption in an organizational context has been developed by 
DePietro et al. (1990 cited in West and Dedrick 2003). Their model defines a "context 
for change" consisting of three elements: 
o Technology. The model subsumes the five innovation attributes that Rogers (2003) 
argues influence the likelihood of adoption. 
o Organization. Adoption propensity is influenced by formal and informal intra-
organizational mechanisms for communication and control. The resources and 
innovativeness of the organization also play a role. 
o Environment. Organizational adoption of new technologies depends on having the 
prerequisite skills for effective deployment, so as Attewell (1992) found, the 
availability of external skills (such as through integrators or consultants) is essential 
for adoption by some organizations. 
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Indeed Nelson and Shaw (2003) confirm West's (2003) assertion in their study of 21 
inter-organizational standards adoption and diffusion models, Nelson and Shaw also 
discovered that the most common set of constructs utilized in the study of inter-
organizational standards diffusion is the 'organizational- technology- environmental' 
framework, which is often referred to as 'TOE'. These three elements are posited to 
interact with each other and to influence technology adoption decisions (West 2003). 
Nonetheless, the TOE framework is simply a taxonomy for categorizing variables, and 
does not represent an integrated conceptual framework or a well-developed theory. 
However, the TOE framework is a key starting point for identifying key factors and the 
author contrasted the TOE framework with the model presented by Chen. What 
emerged was that two features of the TOE framework, technology and organization, 
have been used in Chen's model shown in Figure 3.7. However, the environment factor 
has not been included and was therefore added to Chen' s model and presented in the 
author's finalised adopter-centric model as the 'environmental characteristics', shown 
in Figure 3.8. 
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Figure 3.8: Adopter-centric adoption and diffosion model 
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With the inclusion of the environmental characteristics, the 'stakeholder' input variable 
was abandoned, as it was not deemed relevant to the scope of this research, which is 
looking at a specific organizations adoption decision process. Any influence from 
external stakeholders is considered within the 'external driver' factor. 
The finalised model presented in Figure 3.8 has adjusted Chen's model to include 
environmental factors, which was lacking from Chen's original model, and offers 
additional features to the organizational characteristics, the decision criteria, the 
mechanisms and finally the outputs. Chen's model was also adjusted to capture the 
process of diffusion from both an innovation- and adopter-centric view. In addition, the 
impact individual organization decision outcomes have on the attributes of the standard 
and environmental characteristics are shown. The reasons and theoretical backing for 
these additions are explained in the following sections, which offer a description for 
each of the elements of the adopter-centric model developed and shown in Figure 3.8. 
3.4.3 Adopter-centric factors 
The adopter-centric factors are discussed based on four main categories taken from the 
model, namely: 
i. Inputs 
ii. Evolutionary inputs 
iii. Control and mechanisms 
iv. Outputs 
i. Inputs 
Organizational Characteristics: The attributes of this factor include the "organizations 
size and type" and "organization culture" attributes described in the innovation-centric 
model in Section 3.3. I and there are three additional attributes, namely: 
o Existing Infrastructure: If organizations have a large installed base of existing 
standards they may be reluctant to adopt new standards due to familiarity of the 
existing standards and the prevalence of a well-established skill set. In addition, the 
amount of capital and equipment already invested in the existing infrastructure 
(sunk costs) may have to be discarded as a result of adopting the new standard, 
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which may present a barrier. There is a perception that increased sunk costs lead to 
lower proliferation of the new innovation (standard) and can cause resistance to 
change (Hovav et al. 2004). 
a Resource availability: This refers to the current resources available within the 
organization that may have to be deployed in the adoption and use of the new 
standard. 
a Drivers: The drivers involved in the adoption of the standard may be internal, based 
on an organizational need, or internal pressure from, for example, senior 
management. External pressure may be as a result of the pressure from trading 
partners, or in the form of a mandatory standard or legal requirement. 
ii. Evolutionary inputs 
a) Standard Characteristics: These attributes are identical to the attributes described in 
the innovation-centric model. In summary, standards that are perceived by 
organizations as having greater relative advantage, compatibility, trialability, 
observability and less complexity will be adopted more readily than other standards 
(Rogers 2003). In addition, the characteristics of the related implementation 
technologies should be favourable to support the adoption of the standard. 
b) Environmental Characteristics: The environmental characteristics describe the set of 
factors that favour an organization's adoption of a standard by assessing the 
environmental conduciveness. 
a Network Externalities: According to this theory the likelihood of adoption is a 
function of current adopters in the network. As previously mentioned, this is 
said to be true in relation to economies of scale where costs decrease as volume 
increases. In addition, as the number of adopters increases, there is an expected 
increase in experience, skills and supporting tools. 
a Information and channels of communication: This refers to the amount of 
information available to organizations regarding features of the new standard 
and how to gain access to the information. Information may be acquired 
through interpersonal communication or mass media. Availability of 
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information has a positive effect in diffusion of innovations (Mustonen-Ollila 
1999). 
1:1 Support: This may be in the form of sponsorship or funding, promotion and 
awareness and additional resources relating to the standard. This support may 
be offered by the standardization bodies involved in the development of the 
standard, such as national standard organizations, international standard 
organizations, government, consortia, private alliances or individual 
organizations. 
iii. Control and Mechanisms 
The decision criteria organizations use to adopt a standard will vary between different 
organizations. According to Irani et al. (1997) an organization will make a decision 
based on strategic, tactical, financial or operational criteria. All four categories may be 
relevant to an organization or they may base their decision on any combination of the 
different criteria. However, if the adoption of the standard is based on a mandatory or 
legal requirement, the importance of the different decision criteria is reduced because 
the decision to adopt the standard is not optional. According to Rogers (2003), the 
innovation decision process is a mental process through which an individual (or other 
decision-making unit) passes first from knowledge of an innovation, to forming an 
attitude toward the innovation through persuasion, to a decision to adopt or reject the 
innovation, to the implementation of the new innovation. Therefore, another 
mechanism in the decision-making process is the use of some form of pre-
implementation investment appraisal techniques to persuade the decision maker(s). 
Common examples of these are business cases or doing some form of Return-on-
Investment analysis. 
iv. Outputs 
The output of the standards adoption process represents the decisions an organization 
makes with regards to whether to adopt a standard or not and other implementation and 
project-related issues. The outcomes or consequences of these decisions will ultimately 
have an evolutionary impact on the attributes of the standard over time. If a group of 
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organizations decide to adopt, implement and use a standard, there may be greater 
relative advantage, trialability and observability of the standard. This may be as a 
consequence of information gathered from some form of post-implementation appraisal 
and evaluation that may take place to highlight the benefits of the standard. 
Additionally, the compatibility of the standard may become more apparent as 
organizations begin to adopt and use the standard. Complexity relating to 
understanding, implementing and using the standard may also be reduced as more 
examples or case studies emerge relating to implementation and use of the standard. 
However, if a standard is continually rejected and not adopted it will have a negative 
impact on its attributes. 
The results of decision outcomes will also have an impact on the environmental 
characteristics. If the number of organizations adopting and implementing the standard 
increases, this will have a positive impact on the network effects (network 
externalities), information and communication channels and support for the standard. 
Likewise if the standard is rejected or only adopted by a limited number of 
organizations, there may be a negative impact on the environmental characteristics, 
which may reduce the likelihood of the standard being adopted. In summary, over time 
the outcomes of the decision regarding whether to adopt a standard or not, may have an 
innovation (standard), organizational, and user impact that may be positive or negative, 
anticipated or unanticipated and perceived and/or verified. 
3.4.5 Summary 
This section has chronicled the development of an adopter-centric model. The section 
began by making a distinction between primary and secondary adoption. Following on 
from that Chen's organizational decision-making model was adjusted and revised to 
include the categories highlighted by main organizational IT adoption taxonomy TOE. 
These adjustments gave a more detailed view of the factors that impact the adoption of 
IT data-exchange standards from an adopter-centric perspective. 
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3.5 Conclusion 
The framework and model presented in this chapter have been developed as part of this 
research to capture the factors that influence the rate of adoption and diffusion of 
standards across their target population. Both the innovation-centric framework and 
adopter-centric model have an advantage over previous models by providing a more 
holistic view of the adoption issues facing a standard. In addition, taking both an 
innovation-centric and adopter-centric approach under one research project limits the 
bias of each individual approach. 
The framework and model provide a checklist of factors that need to be addressed in 
the· adoption and diffusion of data-exchange standards from both a general innovation-
centric perspective and an adopter-centric, decision-making perspective. However, the 
framework and model do not provide any guidance on the validity, relevance and 
priority of these factors. In addition, it would seem likely that these factors may not be 
able to be generalised, and priorities may be different for different standards and 
organizations. Therefore, it was recognised that further investigations were required to 
verity the factors identified in the framework and model and to understand their 
applicability. It was decided the investigations should be carried out based on the 
adoption and diffusion of four standards to be assessed as case studies. The chosen 
standards were: 
I. ISO I 0303 - 224: STEP Application Protocol 224 (AP224), which defines the 
product definition for process planning using machining features. This is a standard 
that captures and communicates the information required for the process planning 
of mechanical machined parts, including simple assemblies (ISO 2006a). 
2. ISO 15926-2: This is an international standard for the representation of oil and gas 
production facility lifecycle information. This representation is specified by a 
generic conceptual data model that is suitable as the basis for implementation in a 
shared database or data warehouse (ISO 2006b). 
3. The NATO Codification System (NCS): The NCS is the common classification 
system adopted by all NATO member countries and used to support inventory 
management (Allied Committee 135 2005). 
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4. Def Stan (Defence Standard) 00-60: This is a Ministry of Defence (MoD) standard 
for Integrated Logistics Support (JLS) in the through-life management of defence 
equipment (UK MoD 2005a). 
The first standard, AP224, was chosen because it is a STEP application protocol 
similar to PLCS, which was the original motivation behind this research. The next 
standard, ISO 15926-2, was chosen because it is one of the other standards produced 
by the SC4 community and, therefore, offers the opportunity to contrast two 
ISO/TC 184/SC4 standards. The third and fourth standards are military standards that 
have been chosen as contrasting cases to the two ISO standards in order to determine if 
there are any common trends and features in the adoption of ISO data-exchange 
standards and military standards. 
In the case of the adopter-centric model, the investigations are to be carried out based 
on the adoption of standards within the UK Ministry of Defence (MoD). The UK MoD 
was chosen since data-exchange standards like PLCS are used in that environment, and 
there are very limited empirical studies that look at the adoption of standards within the 
defence community. Thus, the investigations into the adoption of standards within the 
UK MoD will be carried out based on the adoption-decision process of three of the four 
standards named above, that is, AP224, Def Stan 00-60 and the NATO Codification 
System. Analysing the adoption-decision process across the three standards helps to 
reduce the bias recognised by West (2003), and also provides a comparative analysis of 
the adoption of an international standard (AP224), a regional standard (NCS) and a 
national military standard (Def Stan 00-60). Consequently, the results of these 
investigations not only fill a gap identified within the STEP and JSO/TCI84/SC4 
communities but also the military perspective, which will make a relevant contribution 
to the wider body of knowledge surrounding IT standards adoption. In addition, by 
taking both an innovation- and adopter-centric view, which is an approach that has not 
been previously identified in other research, the level of bias that has been recognised 
in each individual approach has been addressed. The next chapter details the 
methodology that has been adopted to verifY the factors and barriers critical to the 
adoption of data-exchange standards. 
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CHAPTER4 
METHODOLOGY 
Chapter Preface 
This chapter discusses the justifications for the overall research philosophy and approach 
subscribed to, and the multiple data collection and analysis methods used to collect sufficient 
data to fulfil the research objectives. 
4.1 Introduction 
This research focuses on the development and uptake of data-exchange standards in 
order to gain an understanding of how such standards are adopted and diffuse across 
their target population. Hence, case studies and action research are used to fulfil the 
aims of the research, which are to: 
a Establish the factors and barriers that influence the adoption of data-exchange 
standards 
a Develop guidelines to facilitate and accelerate the adoption of data-exchange 
standards 
Chapter Two highlighted both the critical need for data-exchange standards and the 
current limit of empirical research in the adoption of information technology standards 
and more specifically data-exchange standards such as STEP. These two issues were 
key motivations for this research. Therefore, to achieve the aims of this research, a 
qualitative approach was used to support the exploratory and descriptive nature of the 
research. This chapter discusses the justifications for the overall research philosophy 
and approach subscribed to, and the multiple data collection and data analysis activities 
used to collect sufficient data to answer the study's research questions. 
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4.2 Research Philosophy 
Data-exchange standards are not adopted in isolation, they are implemented and used 
as part of an information system. The terms information system (IS) and information 
technology (IT) are commonly used interchangeably. However, it is important to 
distinguish that IS is a much wider term; as well as technology, it encompasses the 
social organizational structure, culture, intellect, and philosophy related to the 
distribution of information through the organization, whilst for IT the emphasis is only 
technology (Orlikowski and Bardoudi 1991; Walsham 1993; Themistocleous 2002). 
Therefore, information systems are multi-disciplinary with different aspects relating to 
natural sciences, mathematics, engineering, linguistics and behavioural sciences, so 
there is no single framework that encompasses all the domains of knowledge needed 
for the study of information systems (Galliers 1992). Nonetheless, Myers (1997) 
stresses that all research is based on some underlying assumptions about what 
constitutes valid research and which research methods are appropriate. Orlikowski and 
Bardoudi (1991) claim that information systems are rooted in a single theoretical 
perspective, but there is a wide range of philosophical assumptions regarding the 
underlying nature of a phenomenon under investigation. The various philosophies of 
research available are encompassed by the terms epistemology (what is known to be 
true) as opposed to doxology (what is believed to be true). Galliers (1992, pg 29) 
therefore reflects that the purpose of science is the process of transforming things 
believed into things known: doxa to episteme. Several philosophical approaches are 
available for IS research including: positivist, critical and interpretive (Orlikowski and 
Baroudi 1991). However, the main two approaches used in IS research are positivism 
and interpretivism. · 
4.2.1 Positivism 
Evidence from IS literature suggests that the positivism approach has been the 
dominant epistemology in IS research (Galliers 1992; Miles and Huberman 1994; 
Walsham 1995; Yin I 994; Themistocleous 2002). The positivist tradition has taken a 
firm hold in IS research since the late I 970s (Dickson and DeSanctis I 990 cited in 
Jackson 200I), with Orlikowski and Bardoudi (I99I) noting that 96.8% of research in 
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the leading US IS journals confonn to this theory. The positivism approach has risen 
from scientific tradition and therefore, it is characterised by repeatability, reduction ism 
and refutability (Galliers 1992). Positivist studies generally attempt to test theory, with 
the aim of increasing the predictive understanding of a phenomenon. They generally 
assume that reality is objectively given and can be described by measurable properties 
that are independent of the observers (researchers) and their instruments (Myers 1997). 
However, Jackson (2001) notes there has been much debate on the issue of whether or 
not this positivist paradigm is entirely suitable for the social sciences with many 
authors calling for a more pluralistic attitude towards IS research methodologies. In 
line with this, Orlikowski and Baroudi (1991) only classifY IS research as positivist if 
there is evidence of fonnal proposition, quantifiable measures of variables, hypothesis 
testing, and the drawing of inferences about a phenomenon from the sample to a stated 
population. 
4.2.2 Interpretivism 
Positivism is not the only relevant approach that can be used to understand IS. In both 
organization science and infonnation systems research, interpretive research used to be 
the nonn, at least until the late 1970s (Vreede I995 cited in Jackson 2001). Interpretive 
studies generally attempt to understand phenomena through the meanings people 
assign to them (Myers I 997). Interpretive methods of IS research are "aimed at 
producing an understanding of the context of the information system, and the process 
whereby the information system influences and is influenced by the context" (Walsham 
1993 ). In interpretivism, researchers tend to allow concepts (constructs) to emerge 
from field data rather than entering the field with pre-conceived theories (Galliers 
I 992; Miles and Hubennan I 994). Interpretive researchers start out with the 
assumption that access to reality (given or socially constructed) is only through social 
constructions such as language, consciousness and shared meanings (Myers 1997). 
Interpretive research does not predefine dependent and independent variables, but 
focuses on the full complexity of human sense making as the situation emerges 
(Kaplan and Maxwell I994). 
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4.2.3 Rationale for choice of philosophy 
The choice between positivism and interpretivism has an impact on the empirical 
research strategy, since the former dictates that the researcher takes the role of an 
observer, whilst the latter dictates that the researcher gains knowledge by participating 
in the subject of the empirical study (Irani et al. 1999). Therefore, for the purpose of 
this research, the interpretivist philosophy has been chosen. The justification for this 
choice is based the fact that the aim of this research is to allow concepts to emerge 
from field data, using documentation, interviews and a questionnaire, with regards to 
the factors that affect the adoption of standards, which requires participation in the 
subject of study. In addition, the positivist philosophy is disqualified based on the 
findings of Orlikowski and Baroudi (1991), who classifY IS research as positivist if 
there is evidence of formal proposition, hypothesis testing, and the drawing of 
inferences about a phenomenon from the sample to a stated population, which this 
research does not seek to do. Additionally, positivism cannot be used in the context of 
this thesis, since positivism assumes that knowledge consists of facts that are 
independent (Themistocleous 2002). However, the literature indicates that there are 
many organizational, political, cultural, managerial, social and technical issues related 
to the adoption of data-exchange standards across a target population and within an 
organization, and these factors appear to be multiple, complex and interrelated. 
4.3 Research Approach 
Many different research approaches could have been adopted and used as a framework 
to undertake the planned research. One of the most common distinctions is between 
qualitative and quantitative methods. Myers (1997) lists some of the other distinctions 
as: 
• Objective versus subjective; 
• Being concerned with the discovery of general laws (nomothetic) versus 
being concerned with the uniqueness of each situation (idiographic); 
• Aimed at prediction and control versus aimed at explanation and 
understanding, 
• Taking an outsider ( etic) versus an insider ( emic) perspective. 
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The distinction discussed in this section is between quantitative and qualitative 
research. 
Quantitative research methods were originally developed in the natural sciences to 
study natural phenomena, and qualitative research was developed in the social sciences 
to enable researchers to study social and cultural phenomena (Myers I 997). In their 
book, 'Qualitative Data Analysis', Miles and Huberman (1994, pg 40) quote 
quantitative researcher, Kerlinger, as saying, "There's no such thing as qualitative data. 
Everything is either 1 or 0 ". They go on to explain that in response to this, another 
researcher, Campbell, asserts, "All research ultimately has a qualitative grounding". 
According to Miles and Huberman (1994), this ongoing debate among qualitative and 
quantitative researchers is "essentially unproductive". Miles and Huberman go on to 
argue that, like Howe (1985, 1988), "quantitative and qualitative methods are 
'inextricably intertwined', not only at the level of specific data sets but also at the 
levels of study, design and analysis". To support this view, Sieber (I 973) offers a 
detailed list of reasons to combine methods. However, Firestone (I 987) surmises that 
"on the one hand, quantitative studies 'persuade' the reader through de-emphasising 
individual judgement and stressing the use of established procedures, leading to more 
precise and generalizable results. On the other hand, qualitative research persuades 
through rich depiction and strategic comparison across cases, thereby overcoming the 
'abstraction inherent in quantitative studies". In line with this, Weiss and Sirbu (I 990) 
state, "when studying the process by which voluntary standards are developed, one is 
struck by the complexity and subtlety of the process". 
Therefore, a suitable research approach for the study of data-exchange standards 
adoption needs to acknowledge the complexity of the social processes and focus on 
both the context and specifics of standards adoption cases, making the qualitative 
approach more suitable for this research. This is in agreement with Dedrick and West's 
(2003) suggestion that a richer framework for understanding organizational standards 
adoption decisions can be developed through a qualitative study of a specific standards 
adoption case. However, Miles and Huberman (1994) suggest that researchers should 
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not fall into a default mode that sees qualitative data as the only way of proceeding, 
and suggest considering whether a study could benefit from a quantitative aspect or 
component. Therefore, despite the fact that this research is based on a qualitative 
approach, a quantitative component in the form of a questionnaire was deemed as 
suitable to test some of the factors established from the four retrospective case studies. 
4.4 Research Strategy 
Galliers (I 992) defines research strategy as the means of going about one's research, 
taking on a particular style and utilising different research methods with which to 
collect data. Cavaye (1996 cited in Khalifa 2002) suggests several research strategies 
that a suitable for collecting qualitative data and these are listed in Table 4.1. 
Table 4.1: Qualitative research strategies 
(~tr~te~,%'::I[Ret11il~ !{ /' .· ,:'. j.f; ,':. : ;;;;j., .. .''' .. " · '\ .· < .. · 0,:)} · .:. !I 
. Field Stullf \Vheni tile researcher develops constructs (hypotheses) before entering the·: 
. : organization, collects the data with certain techniques, acting as an observer . 
· and does not wish to manipulate or control variables . 
Action 
'Research 
.. ' Where tile researcher both obser¥es and participates with the organization, 
but does not have an idea about the phenomena, and uses collected data to · 
· solve the issue of the phenomena and have control over variables . 
. Application , Where .. , the researcher accounts for the. actual events surrounding the · 
Description ·':phenomena for display and learning purposes to tile audience. 
' Ethnographic-' 'Where tlie nisearcher attempts to urider5tand the ineiuling -that piictitioners' 
· research attach to the phenomena and data is interpreted from the viewpoint of the ' 
! 
practitioner. 
Case studies ·where the researcher. enters the study environment (witll. or without 
theoretical constructs) for the purpose of studying a phenomenon in its real 
life context without intending to interfere with the phenomena. 
In this research, both the case study and action research strategies were used. The 
research was divided into two phases in order to effectively carry out the specified 
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objectives detailed in Section 1.4.2. The case study strategy was used to accomplish the 
second objective, which was: 
Objective 2: To revise and refine the preliminary conceptual model, by interviewing 
stakeholders in the adoption and diffusion of two ISO/TC184/SC4 standards and two 
military standards, and by analyzing the information obtained from the interviews and 
other data sources. 
The case study strategy was chosen as the appropriate method because it offers the 
ability to describe relationships that exist in reality, and case study research is the most 
common qualitative method used in information systems (Orlikowski and Baroudi, 
1991; Alavi and Carlson 1992). Although there are numerous definitions, Yin (2002) 
defines the scope of a case study as an empirical inquiry that: 
• Investigates a contemporary phenomenon within its real-life context, 
especially when, 
• The boundaries between phenomenon and context are not clearly evident 
(Yin 2002) 
Yin (1994) suggests that there are different types of case studies, such as exploratory, 
descriptive and explanatory, depending on whether they are used to answer what, how 
and why research questions respectively. Based on this taxonomy, the case study 
followed in this research can be classified as exploratory. The reason for this is that the 
research questions are of a 'what' type. Additionally, case studies can be single or 
multiple and the decision to analyze one or more multiple cases is a central one to case 
study design (Yin 1994). Single case studies provide 'rich' primary data of an 
organizational context. However, a single case study may not provide sufficient data 
that would justify conclusions about standards adoption and evaluation. Therefore, the 
use of a single case study has been abandoned in preference of multiple cases. 
Conducting multiple cases will enable crosschecking of findings. Eisenhardt (1989a) 
recommends that a research strategy that employs multiple case studies should not 
conduct more than ten, and no less than four cases. As such, the research will employ 
multiple case studies as suggested by Eisenhardt (1989a). Therefore, in order to fulfil 
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the aims of this research, four standards have been chosen for the first phase of this 
research. The chosen standards for the first phase are: 
I. ISO I 0303-224: Mechanical product definition for process planning using 
machining features. 
2. ISO 15926-2: Integration of lifecycle data for process plants including oil and 
gas production facilities, Part 2- data model. 
3. The NATO Codification System. 
4. Def Stan 00-60 - Integrated Logistics Support. 
A brief description of each of the standards can be found in Section 3.5. 
The second phase of the research involved fulfilling the third objective of this research, 
which states: 
Objective 3: To jitrther refine and test the preliminary conceptual model against the 
current adoption and implementation of P LCS using a 'Standards Adoption Checklist' 
developed from the conceptual model. 
PLCS, which is formally know as ISO I 0303-239, is a mechanism by which to ensure 
that support information is aligned with the evolving product definition over the entire 
life cycle of the product. There are a number of PLCS demonstration and 
implementation projects underway, and action research was viewed as the best strategy 
for this phase. There are various definitions of action research. However, one of the 
most widely cited is that of Rapoport (1970), who defines action research in the 
following way: 
"Action research aims to contribute both to the practical concerns of people in an 
immediate problematic situation and to the goals of social science by joint 
collaboration within a mutually acceptable ethical framework. " 
This definition draws attention to the relevance of action research for this phase due to 
the fact that focusing specifically on PLCS addresses some of the initial questions and 
concerns that were raised regarding the adoption of data-exchange standards. In 
addition, an active contribution was made through the development of guidelines and 
other practical steps, based on the finalised model, to ensure the uptake ofPLCS. 
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4.5 Qualitative Research Process 
Miles and Huberman (1994, pg16), state that an important factor in qualitative research 
is to establish the approach for gathering data. Many social anthropologists and 
phenomenologists advocate a "loosely" structured, emergent, inductively grounded 
approach to gathering data, which is well suited for studies that are exploring 
understudied phenomena, exotic cultures, or very complex social phenomena. This 
approach provides the potential for a rich data set but equally posses a danger of data 
overload, which may require a lengthy period of time for analysis and cause a lack of 
comparability in multi-case research. The counter approach involves a "tighter" pre-
structured design, which is relevant for researchers working with well delineated 
constructs where something is known conceptually about a phenomenon but not 
enough to house a theory. This approach provides clarity and focus, and can diffuse 
data overload. However, this "tighter" approach is argued to be more susceptible to 
bias, and it produces less case sensitive data that may be skewed or distorted to answer 
cross-case analytic questions. Miles and Huberman advocate a stance that is slightly 
off-centre leaning towards the structured end, and they quote Wolcott (1982) as stating 
that it is "impossible to embark upon research without some idea of what one is looking 
for and foolish not to make that quest explicif'. In this study into the adoption and 
diffusion of data-exchange standards, the stance advocated by Miles and Huberman is 
the preferred approach. This is due to the fact that this research builds upon ideas 
developed in Diffusion of Innovation (DOl) theory, the economics of standards, 
organizational culture and previous studies. Hence, something is known conceptually 
about the phenomenon, but further empirical research is required to test and further 
explicate the conceptualisation. 
In the light of this decision regarding data gathering, the next actions in the qualitative 
research process could now be carried out. The author of this thesis created Figure 4.1 
during the research to act as an aid in pursuing the qualitative research process. Figure 
4.1 is a diagrammatic representation of the qualitative research process discussed by 
Miles and Huberrnan (1994) in their book 'Qualitative Data Analysis'. 
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Figure 4.1: The qualitative research process 
4.5.1 Action 1: Focusing and bounding the collection of data 
This action involves the following five activities: 
i. Building a conceptual framework (model) 
Initially, intellectual "bins" containing discrete events and behaviours, which have been 
sourced from a combination of theory, experience and the general objectives of the 
study, are created. Setting out these "bins", naming them, and clarifying their 
interrelationships lead to the development of the conceptual framework (model). Miles 
and Huberman (1994, pg I 8) describe the conceptual framework (model) as "simply 
the current version of the researcher's map of the territory being investigated". The 
framework and model detailed in Chapter Three organised concepts such as inputs, 
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outputs, processes, infonnation feedback, boundaries and environment that were 
explored directly in data collection, in order to characterise important categories, 
dimensions and potential interrelationships within the adoption of data-exchange 
standards. 
ii. Formulating research questions 
The two main research questions, given in Chapter One, laid the groundwork for the 
literature review and the development of the conceptual models. The fonnulation of the 
remaining, or second-tier research questions emerged from the conceptual models. 
These second-tier questions make theoretical assumptions more explicit and infonned 
about what needed to be known 'most' or 'first'. The second-tier questions based on 
the two models are detailed in Appendix C-1. These second-tier questions also point 
towards the data gathering devices and fed directly into data collection (Miles and 
Hubennan 1994). In both phases of the research, interviews were used to collect data. 
Subsequently, the second-tier research questions acted as a starting point for the 
interview agenda questions. 
iii. Defining the case - bounding the territory 
This is the focus or the heart of the study, or in other words, the unit of analysis. 
Defining the case further assists in defining the boundaries of the study: what will and 
will not be studied. The case may be an individual, a group, a community or a role, and 
a case can contain numerous sub-cases. Nonetheless, in qualitative research a case 
always occurs in a specified social and physical setting. Individual cases cannot be 
studied devoid of a context (Miles and Hubennan 1994, pg 25). The case for this 
research is the study of "data-exchange standards" within the context of their adoption 
and diffusion across their target population and within an organization. 
iv. Sampling- bounding the collection of data 
Sampling further defines the case and involves an exercise of deciding whom to look at 
or talk with, where, when, about what and why, within the limits of available time and 
means. In other words, this identifies what activities, processes, events, times, locations 
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and role partners need to be sampled. The conceptual models and research questions 
help set the foci and boundaries for sampling decisions. Examples of sampling 
strategies are shown in Table 4.2. 
Table 4.2: Examples sampling strategies (Miles and Huberman 1994) 
~~~~~p1i1Igsf.rat~JIY,· .. '·•c>lfF~pl~~"t!d~:i';*i·>·•··i,iW •. ·.·:::.>:< :~." <··· ·••··J 
i Confirming and disconfirml!lgl ~Elaborating i!litiaTanalysis, seeking ·expectations, looking ror ·~ 
cases 
· Reputational case selection 
Comparable case selection 
; variation (increase confidence in conclusions). 
•. ~0( '"- ., -~ ' 
r instances chosen.oii the recommendation ofan 'expert' or key ; 
infonnant. 
·.Selecting individuals, siies, and groups on the same relevant 
characteristics over time (a replication) strategy. 
,. ' ~ - -' ,' . ' ' ' 
Maximum variation sampling iA deliberate hunt for negative instances or variations. 
Snowball or chain 
·. Identifies cases of interest from people who know people who . 
know which cases are infonnation rich. 
Sampling both within and across cases puts flesh on the bones of general constructs 
and relationships. Multi-case sampling further adds confidence to findings by looking 
at a range of similar and contrasting cases with a mix of outcomes. Multi-case 
sampling was chosen for this research using reputational case selection based on 
consultation with Dr. King, who has worked in standards development and 
implementation. During the discussions, a number of standards were suggested and the 
researcher decided to study the four case-study standards, detailed at the end of Chapter 
Three, in phase one and PLCS in phase two of the research. 
ISO 10303-224 was selected because it was an example of a STEP Application 
Protocol that has been used both in the US and UK defence community. ISO 15926-2 
was chosen as another ISO/TC I 84/SC4 standard that could give insight into the 
development of ISO/TC I 84/SC4 standards like STEP. The two defence standards were 
chosen to give insight into the UK defence communities response towards standards. In 
addition, Def Stan 00-60 had been mapped to PLCS, which is the standard that 
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originally motivated this research and is to be studied in the second phase of this 
research. The use of multi-case sampling strengthens the precision, the validity, and 
the stability of the findings. However, the use of multiple case studies does not change 
the issue of generalizability, because generalisation is taking place from one case to the 
next on the basis of a match to the underlying theory, not to a larger universe (Miles 
and Huberman 1994). 
Ideally, researchers should stop adding cases when theoretical saturation is reached 
(Eisenhardt 1989a). According to Glaser and Strauss (1967), theoretical saturation is 
the point at which incremental learning is minimal because the researchers are 
observing phenomena seen before. However, Pare (2002) points out that, "In practice, 
however, theoretical saturation often combines with pragmatic considerations to 
dictate when case collection ends. In fact, it is not uncommon for researchers to plan 
the number of cases in advance". This was true for this research, and consequently due 
to time and resource constraints a limit of two cases were chosen for the initial 
innovation-centric analysis detailed in Chapter Five, and three standards for the 
adopter-centric analysis, detailed in Chapter Six. However, it is not certain whether 
theoretical saturation was reached and further investigations can be carried out to 
ascertain if these factors hold true for other data-exchange standards. 
An additional level of sampling had to be carried out with respect to the roles of the 
interviewees. There are numerous different stakeholder groups involved in the 
development and use of a standards, these include: regulators, researchers, standards 
developers, standards sellers, standards purchasers, implementers, trainers, 
consultancies, certification and accreditation bodies, software vendors and testing 
houses as well as end users (adopters) of the standards themselves (NSSF 2004a). 
During a series of pilot interviews, it became apparent that most people involved with 
standards have multiple roles within the range of stakeholder groups identified. 
Therefore, a reassessment was made of the stakeholder roles presented in the piloted 
interview agenda. The list was reduced to cover four main roles, which were 
established as being vital for this research on the adoption of standards. The four roles 
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were seen as vital for this research because they covered the main groups involved in 
the development of a standard and the implementation and use of a data-exchange 
standard. The chosen roles include: 
• Developers - because there are specific questions relating to the 
development process of a standard in relation to adoption 
• End users of the standard - due to the fact that they are the actual users of 
the standard and may have been involved in the decision to adopt the 
standard 
• Implementers - they may be from within an organization or external 
consultants and are responsible for the successful implementation of the 
standard within the adopting organizations 
• Software vendors - this relates specifically to individuals or organizations 
devoted to developing software based on the data-exchange standards 
In picking interviewees, a deliberate effort was made to make sure all four roles were 
covered for each of the five named standards, and the interviewees answered questions 
based on their roles. Therefore, part of the interview technique followed the 'guided 
interview' principles, which are described by Patton (1990) as being those where the 
interviewer improvises questions, adapting to the interviewee's personality and 
priorities, or in the case of this research the roles of the interviewees. What emerged in 
during the interviews was that most interviewees had multiple roles therefore, some 
interviewees answered questions from multiple sections of the interview agendas 
shown in Appendix C-2 and C-3. 
v. Instrumentation 
Instrumentation involves identifying the appropriate data gathering methods. Yin 
(1994) suggests six main data gathering methods in case study research. These include 
documentation, archival records, interviews, direct observations, participant 
observation and physical artefacts. Yin (1994) gives a detailed review of the strengths 
and weaknesses of the different methods. For the purpose of this research the four 
methods chosen include, documentation, archival records, interviews and direct 
observation. In addition, a questionnaire was administered during the second phase of 
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active research of PLCS to empirically test some of the findings from the first phase. 
Table 4.3 details the breakdown of the methods used in each phase. 
Yin (1994) recommends that a case study employ multiple methods of data collection. 
The use of variety of data collection methods enables data triangulation to take place in 
order to add validity and reliability to the research findings. The data gathering 
methods used were: 
I. Interviews 
2. Documentation and archival records 
3. Direct observation and questionnaire 
Table 4.3: Data gathering methods 
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Interviews are the main tool for the collection of data within qualitative research 
(Denzin and Lincoln, 1994) and were the main data gathering method used in this 
research. Denzin and Lincoln explain that interviews can be structured, semi-structured 
and unstructured. In this research, guided semi-structured interviews were carried out 
with a variety of individuals based on the four roles specified in the sampling section, 
and a deliberate effort was made to make sure all roles were adequately represented for 
each standard. In addition to that, some interviewees suggested further people as 
potential interview candidates. In the end, five candidates were interviewed for each of 
the four standards in phase one, resulting in a total of twenty interviews for the first 
phase. In the second phase, which focused on the adoption of PLCS, a further five 
interviews were conducted. However, two of the interviews in the second phase were 
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group interviews; Appendix C contains a full list of interviewees by role and a timeline 
of the research and interviews. 
Of the total twenty-five interviews, twenty-one were conducted face to face and four 
over the phone. All interviews were recorded and transcribed and reviewed by the 
different interviewees, so that permission could be gained to use direct quotes from the 
interviews. A stipulation was given that if the interviewees so chose, neither they nor 
the organization they were affiliated with would be associated with any of the quotes or 
paraphrases of their words. Consequently, for this study the interviews served several 
of the purposes, as listed by Lincoln and Guba (1985, pg 268): 
1:1 Obtaining here-and-now constructions of a phenomena 
1:1 Reconstructing previous events 
1:1 Obtaining projections of the future 
1:1 Verifying and corroborating data from other sources. 
The first draft of the phase one interview agenda was piloted with three additional 
employees of the LSC Group (at that time based in Tamworth, England) who had each 
had at least four years experience with one of the five named standards. As a result of 
the pilot interviews, changes were made to the interview agenda. The interview agenda 
of phase two was based on the results of the first phase. Full copies of the phase one 
and phase two interview agendas can be found in Appendix C-2 and Appendix C-3 
respectively. 
2. Documentation and Archival Records 
Yin (1994, pg 18) states that documentary information is likely to be relevant to every 
case study. Documents of all types can help the researcher uncover meaning, develop 
understanding, and discover insights relevant to the research problem (Merriam 1988). 
In this research, documentary information was used to help develop a chronology of 
the development and uptake of the named standards. Most documents and archival 
records were summarised and analyzed. 
75 
Chapter 4 -Methodology 
3. Direct observation and Questionnaire 
This was done in phase two during a series of workshops carried out on the practical 
implementation of PLCS. For 6 weeks, over 200 military and industry end-users were 
observed as they discussed and interacted with the PLCS-based systems. During the 
observations, a full log of all questions and concerns raised during the workshop was 
taken, and in addition, a questionnaire was administered at the end of the workshop to 
assess end-user attitudes to data-exchange standards. 
4.5.2 Action 2: Data collection 
This action deals with the management issues surrounding the collection of data. This 
includes issues such as: purchase of analysis software; time planning; acquisition of 
recording equipment, and identification and notification of potential interviewees. In 
light of this, the following actions were taken: 
i. Development of a data collection agenda: This agenda took into account any 
possible failures of or delays that interviewees may experience, by setting up 
back-up plans to deal with such problems. 
ii. Development of an interview timetable: This timetable set aside dates and times 
and possible durations of interviews. 
iii. Identification of supplementary framework procedures: This is where additional 
confidentiality agreements were made with regards to names of organizations or 
specific employees. In addition recording and transcribing equipment was 
booked. A copy of the letter sent to all interviewees can be found in Appendix 
C-5. 
4.5.3 Action 3: Data analysis 
Data analysis is broken down into three types of activities, namely: data reduction, data 
display, and conclusions drawing or verification. Miles and Huberrnan (1994) advise 
interweaving data collection and analysis from the start. In their view, the three 
analysis activities and the activity of data collection itself form an interactive cyclic 
process (shown in Figure 4.1). A researcher moves steadily among the four activities 
during collection of data and then shuttles among reduction, display and conclusion 
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drawing or verification for the remainder of a study until a final report is produced. A 
description of each of the named activities follows. 
i. Data Reduction 
This refers to the process of selecting, focusing, simplifYing, abstracting and 
transforming the data that appear in written-up field notes or interview transcripts. This 
is the part of analysis that sharpens, sorts, focuses, and discards and organizes data in 
such a way that final conclusions can be drawn and verified (Miles and Huberman 
I 994, pg 50). It can also be seen as data condensation. Examples of data reduction 
methods include, writing summaries, coding, teasing out themes, making clusters, 
making partitions and writing memos. Summaries and memos were made of the 
documents and archival records collected, the main form of data reduction was coding. 
Strauss and Corbin (I 998) define coding as the analytical processes through which data 
are fractured, conceptualised and integrated to form theory. Coding is a significant 
form of data reduction because it is a powerful data labelling and data retrieval device 
that helps speed up analysis and is the main method of data reduction used in this 
research. The codes are tags or labels for assigning units of meaning to the descriptive 
or inferential information complied during a study. This part of analysis covers how to 
differentiate and combine the data that has been retrieved and the reflections one makes 
about this information. The code list used for this research is shown in Appendix C-6. 
The code was initially based on the research questions, but additions were made to 
include the factors that emerged from the data. 
ii. Data Display 
This is an organized, compressed assembly of information that permits conclusion 
drawing and action. Matrices, graphs, charts and networks are all designed to assemble 
organized information into an immediately accessible, compact form so that the analyst 
can see what is happening and either draw justified conclusions or move on to the next 
step of analysis the display suggests may be useful. The displays chosen for this 
research are shown in Chapters Five, Six, Eight and Nine. 
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iii. Conclusion drawing/verification 
From the start of data collection, qualitative decisions are made with regards to, the 
noting of regularities, patterns, explanations, possible configurations, casual flows and 
propositions. Miles and Huberman (1994) state that there will be numerous iterations 
of this process before final conclusions and recommendations for future work are 
published. This aspect of qualitative analysis can be found in Chapters Five, Six, Eight 
and Nine of this thesis. 
4.5.4 Tools used for data analysis 
In order for data analysis to be carried out different software applications can be used. 
The choice of tool for data analysis is dependent on the nature of the data, more 
specifically, if the data is qualitative or quantitative. In this research, both sets of data 
were used; consequently both qualitative and quantitative data analysis tools were 
used. The remainder of this section discusses the two tools that were used and the 
reasons for choosing the tools. 
i. Qualitative data analysis tool: ATLAS.ti 
Tools for the analysis and management of qualitative data have come of age (Lewis 
1998). According to Barry (1998) the growing literature on Computer Assisted 
Qualitative Data Analysis Software (CAQDAS) expresses both hopes and fears. The 
hopes are that CAQDAS will, amongst other benefits, help automate, speed up and 
liven the coding process, and aid more conceptual and theoretical thinking about data. 
Some of the main fears are that CAQDAS will distance people from their data, and will 
lead to qualitative data being analyzed quantitatively (Barry 1998). 
Two of the most commonly used CAQDAS tools are ATLAS.ti and NUD.IST. 
Choosing between the two tools can be difficult, both NUD.IST and ATLAS.ti have 
been developed on the background of Grounded Theory (Koenig 2006), and offer 
similar functionality (Lewis 1998). The final choice of tool is often based on a 
combination of practical considerations and personal preference. Some of the practical 
considerations include: 
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o System requirements: For example, A TLAS.ti cannot run on a Macintosh 
operating system. However, both tools run on Windows-based personal 
computers. 
o Document types they can handle: For example ATLAS.ti can handle ASCII 
text, graphics, video and audio data. On the other hand NUD.IST can only 
handle ASCII text. 
Some of the personal and subjective considerations include ease of use and the 
'interface feel'. Koenig (2006) offers a comprehensive and detailed comparison of the 
main features of the main CAQDAS tools including A TLAS.ti and NUD.IST. 
However, for the purpose of this research A TLAS.ti was chosen as the most 
appropriate tool. The two main reasons for this being: 
o The research required the coding and analysis of twenty-five transcribed 
interviews, and was therefore a relatively simple and straightforward project. 
A TLAS.ti is generally recommended for use in simple projects (Barry I 998). 
o A TLAS.ti was visually more attractive with a well-designed interface. 
ii. Quantitative data analysis tool: SPSS 
A questionnaire was administered during the second phase of the research to test user 
attitudes towards standards. The data collected was analyzed using a series of statistical 
tests detailed in Chapter Nine. The analysis tool used to carryout the statistical tests 
was SPSS. SPSS (originally, Statistical Package for the Social Sciences) was released 
in its first version in 1968, and is among the most widely used programs for statistical 
analysis (SPSS Inc. 2006). SPSS was chosen because it can read data from other 
spreadsheets and databases, and in this research, data was uploaded from a Microsoft 
Excel spreadsheet into SPSS. SPSS also provided a quick and simple means of 
carrying out the descriptive and non-parametric statistical tests used in the research. 
4.6 Conclusion 
This chapter has detailed the research philosophy, approach and strategy that has been 
chosen to fulfil the aims specified, and best answer the research questions posed. These 
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methodology choices are summarised in Table 4.4. The justifications for each 
methodological were explained and the final sections of this chapter gave a detailed 
breakdown of the qualitative research process that has been followed in this research. 
The next two chapters, Chapters Five and Six present the findings of case studies in 
phase one. At the beginning of each of these chapters is a more detailed description of 
the methodological approach specific to each chapter. 
Table 4.4: Overview of research philosophy, approach and strategies 
ISO I0303-224 
ISO I5926-2 . 
Interpretivisin 
Qualitative Research 
(With a quantitative element in phase 2) 
ISO 10303-224 
NCS 
Def Stan 00-60 
ISO 10303-239 (PLCS) 
•.-
.. ·. I .- :' : 
·-· ·, I 
... 
ISO I 0303-239 (PLCS) 
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CHAPTERS 
INNOVATION-CENTRIC DATA ANALYSIS 
Chapter Preface 
The unit of analysis in this innovation-centric approach is the innovation itself, which in this 
case is the set of ISO data-exchange standards. The chapter starts by introducing the ISO 
technical committee and subcommittee responsible for the development of the standards. The 
factors identified in the original innovation-centric model are then tested and verified against 
the collected data. The final sections discuss the current rate of adoption and way forward for 
the two chosen standards and present a revised model for the innovation-centric adoption of 
data-exchange standards. 
5.1 Introduction 
The standardization process and the success and failure of standards takes place in 
complex socio-technical settings that are shaped by a variety of factors and a multitude 
of actors (Gerst et al. 2005). The research reported in this thesis seeks to establish these 
factors in relation to the adoption and diffusion of data-exchange standards. Chapter 
Two identified that there was a need to investigate the factors and barriers critical to 
the adoption of data-exchange standards to fill gaps within both the ISO/TC184/SC4 
community and the research community for IT -standards adoption. Chapter Three then 
introduced the novel approach of taking both an innovation-centric and adopter-centric 
view to address the research question, and chronicled the development of two 
conceptual models that capture the key factors to be researched. Following on from 
that, Chapter Four went on to discuss the justifications for the interpretivist philosophy, 
qualitative approach and case study research strategy subscribed to for this phase of the 
research. Consequently, the aim of this chapter is to verify and examine the validity of 
the factors identified in the original innovation-centric model. The remainder of this 
introduction section gives an overview of the data collection and analysis processes 
81 
Chapter 5 -Innovation-centric Data Analysis 
that has been used in this chapter, and gives a brief overview of the ISO sub-committee 
responsible for the development of the two case study standards and concludes with a 
brief introduction to the chosen standards. 
5.1.1 Data collection and analysis process 
Yin (I 994) suggests that there are numerous data gathering methods in case study 
research. The main methods used in this part of the research, and the purpose for the 
chosen methods is detailed below: 
l:l Interviews: This was the primary data collection tool used in this part of the 
research. Five interviews were carried out for each of the two standards. The 
interviews were carried out with developers, implementers, software vendors 
and end-users related to each standard. Details of each of the interviewees and 
the interview (research) timeline can be found in Appendix C-4. 
c Documentation: Documents and archival records were used to verify and add 
information regarding different issues raised during the development and 
adoption process. 
In addition to these data sources the interviewees were asked to rate the importance of 
different factors during the interview using the five-point interview scale: very 
important, quite important, fairly important, slightly important and 'not important at 
all'. The results of this feedback are included in the discussions for each factor. 
Silverstein (I 988) ascertains that the key issue when dealing with multiple cases is the 
need to reconcile the tension between the particular and the universal. This involves 
reconciling an individual case's uniqueness with the need for more general 
understanding of more generic processes that occur across cases. This leads to the 
debate regarding the use of a variable (factor) or case-orientated approach when 
displaying multiple case data. Miles and Huberman (1994 pg I 74) point out that, "The 
variable approach is good for finding probabilistic relationships among variables in 
large populations, but it is poor in handling the real complexities of causation or 
dealing with multiple sub-samples, its findings are often very general or 'vacuous'. 
Case-orientated analysis is good at finding specific, concrete, historically grounded 
patterns common to small sets of cases, but its findings often remain particularistic, 
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while pretending to great generality". This confirms Ragin's (1987) view that each 
approach has plusses and minuses. In light of this, several authors (Huberman 1986, 
Eisenhardt 1989b, Abbot 1992) recommend a mixed strategy. Consequently, Miles and 
Hubennan (1994) have developed a series of tables, checklist matrices and causal 
networks that facilitate the mixed approach in a way that will, as Ragin (1987) puts it, 
"allow analysis of parts in a way that does not obscure whales .... and compare whales 
as configurations of parts". Hence, the results of the data analysis in this chapter were 
displayed using the display techniques prescribed by Miles and Hubennan (1994) in 
order to show the importance, validity and interrelationships amongst the various 
factors. The main technique used was causal network diagrams including some tables. 
The causal diagrams are presented as a series of models under each of the main factors. 
In the concluding section, a finalised model is presented, which represents an 
aggregation of the models of each main factor. 
The final product from cross-case analysis may be concepts, a conceptual framework, 
propositions or possibly mid-range theory (Eisenhardt 1989) or themes (Gallivan 
2001). In this research, the two chosen products are a revised conceptual model and 
themes, which are verified against the extant literature. Therefore, in addition to the 
causal diagrams and tables, themes were developed that are presented in this chapter. 
The development of themes is in keeping with work done by Gallivan (200 1) on the 
adoption of technologies within organizations. 
5.1.2 ISO Technical Committee 184 Sub-Committee 4 
ISO Technical Committee 184 - Industrial-Automation Systems and Integration, is 
responsible for the development of the ISO data-exchange standards that have been 
chosen for this analysis. According to the ISOffC184 Business plan (2005) the overall 
objective of the technical committee and its subcommittees is "To ensure timely 
availability of a consistent and coherent set of globally relevant standards for 
manufacturing systems and their integration within and across enterprises, including 
support for supply chain management and e-business, and meet current and planned 
industry requirements according to ISO vision and policy". Major international 
companies from automotive, aeronautics, space and defence, electrical device, energy 
83 
Chapter 5 -Innovation-centric Data Analysis 
as well as IT companies, research institutes, trade associations, consortia, and academia 
participate in the development of ISO/TC184 standards. The work of ISO/TC 184 is 
divided among four sub-committees: 
o TC184/SC 1 -Physical device control; 
o TC184/SC 2 - Robots for industrial environments; 
o TC184/SC 4 -Industrial data, 
o TC184/SC 5 -Architecture, communications and integration frameworks. 
The many companies involved in the various sub-committees are not direct members 
of the committees; national delegations are nominated from "mirror committees" 
formed by the national standardization bodies. For example, the British Standards 
Institute through committee AMT/4 develops the UK position on SC4 standards. 
Therefore, decision-making in ISO is based on the principle of "one nation-one vote" 
(Witte 2004), and according to the ISO website (2006), the total number of published 
ISO standards related toTC184 and its sub-committees is 421. 
The sub-committee relevant to this research is ISO/TC 184/SC 4 (referred to as SC4 for 
the remainder of the chapter). The mission of SC4 is to develop and promulgate 
standards for the representation of scientific, technical and industrial data, to develop 
methods for assessing conformance to these standards, and to provide technical support 
to other organizations seeking to deploy such standards in industry (ISO/TC 184/SC4 
2004). SC4 operates through a series of interdependent working groups and a quality 
committee. The committee's work is published through a series of multi-part standards 
in six areas of industrial product that are: 
o ISO 10303: STEP - Standard for product data representation and exchange 
o ISO 13584: PLIB - Parts library 
o ISO 15531: MANDATE- Industrial manufacturing management data exchange 
o ISO 15926-2: Integration of life-cycle data for oil and gas production facilities 
o ISO 18629: PSL- Process specification language 
o ISO 18876: IIDEAS - Integration of industrial data for exchange, access, and 
sharing 
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Details of each standard are available on the ISO/TC184/SC4 website (2004). 
Two SC4 standards were chosen as case studies for the innovation-centric analysis. 
The first standard is ISO I 0303-244 - a mechanical product definition for process 
planning using machining features (which will be informally referred to as AP224 for 
the remainder of this thesis). AP224 was chosen due to the fact that, like STEP-AP239 
(PLCS), AP224 is being adopted within the UK MoD. ISO 15926-2, which is the data 
model part of ISO 15926-2, was chosen to bring a comparison of development and 
adoption of an SC4 standard within the oil and gas community. 
This section has detailed the data analysis process that was followed for this part of the 
research and introduced the two case study standards. The remainder of the chapter 
gives a detailed analysis of each of the innovation-centric factors identified in the 
original model and chronicles the development of the revised model and themes. 
5.2 Conception 
This section assesses if the conception phase of a data-exchange standard has an impact 
on the adoption and diffusion of the standar<J. The term conception as it related to this 
research refers to three factors: 
I. The drivers behind development 
2. The initiators of development 
3. The conceptual idea and scope of the standard. 
The first two factors are analyzed in this section, and the final factor emerges from 
within the analysis of other factors. 
5.2.1 Driver behind development of the standards 
Standardization efforts are triggered by a complex array of economic and political 
considerations (Gerst et al. 2005). Table 5.1 summaries the main drivers behind the 
development of the two standards, the nature of these drivers and the impact these 
drivers had on the adoption of the standards. 
85 
Chapter 5 -Innovation-centric Data Analysis 
In the case of AP224 the driver behind development of the standard was to support and 
underpin the Rapid Acquisition of Manufactured Parts (RAMP) process within the US 
Navy. RAMP is based on the premise of applying just in time manufacturing to spares 
provisioning. There is a cost associated with part manufacture and storage and this cost 
exists whether or not the parts are required in service (LSC 2002). In the case of! SO 
15926-2 the motivation behind development is best explained by one of the key 
original members of the development team as being, "to reduce data transcription 
costs of data handlers from the construction phase into the commission and operation 
phase". 
Table 5.1: Drivers behind the development of the case study standards 
r : :: ::: w~() 1(1303~22~' '. wsot5926-L I 
Drivers ·.To enable the RAMP process to ·.To facilitate the integration of 
(motivations) · facilitate the exchange of data • data to support the life cycle 
behind development ! ' between the US Navy and partner :. activities and processes of 
. organizations , , production facilities 
' 
' r Economic · 
motivation 
Impact on adoption ·+Indirect +Indirect 
'Importance of Very important' , Very important 
factor 
The drivers behind the development of both standards had an underlying emphasis on 
the sharing, integration and interoperability of information relating to products and 
processes, and the drivers were predominately economic. The economic drivers were to 
reduce costs and save money by standardising descriptions and definitions of 
equipment and process data, in order to create efficiencies by which this data is 
collected, exchanged, shared and stored. For example, in the case of ISO 15926-2, 
original members of the development team explained in the interview that, "The 
economic driver was significant because... if you are talking about an offihore 
platform which is 80 million pounds, then you can save millions of pounds, say 
typically 5 million down to 1 million of the cost of handing over the engineering 
86 
Chapter 5 - Innovation-centric Data Analysis 
information, and that is enough to be a motivation". The importance of these economic 
imperatives was captured by another developer who noted that, "drivers [motivations] 
are critical and have to be economic, you develop standards for money, there is an 
economic driver and the driver is [that] there is benefit in doing things the same way". 
None of the interviewees indicated that the drivers or motivations behind the 
development of the standard directly impacted the adoption of the standard. However, 
they did indicate that these drivers are critical to the entire standardization process and 
consequently all relevant interviewees described this factor as very important. Their 
views are summarised in a comment made by one ISO 15926-2 developer that "The 
drivers [motivations] for creating the whole process were very clear and without/hose 
drivers I do not think anything would have happened''. These drivers are a summary of 
the main perceived benefits of the standards, and as one interviewee noted, "the 
benefits are the first driver." What this shows is that these drivers are the trigger for the 
standardization efforts and motivated the initiators of development of the standard to 
embark on the development process. Therefore the resultant theme is: 
Theme 1: The drivers behind the development of the standards were mainly 
economic and a direct reflection of the perceived benefits of the standard and, in 
turn, they triggered the standardization efforts by motivating the initiators to embark 
on the development process. 
This mirrors an assertion made by Bonino and Spring (1999) that standards are 
generally considered to arise from purely economic motives or a desire for technical 
superiority. However, Bonino and Spring (1999) do go on to point out that standards 
can emerge in the realm of strategic decision-making where an organization views 
standards as a process of staking out a position in the market in advance of the 
technology. This feature was not identified in the development of the two case study 
standards. Nonetheless, what is important about this factor in relation to the adoption of 
the standards is captured in a quote from David and Shurrner (1996) that, "As a general 
rule, when the perceived mutual gain from a universal standard is low, the speed of 
standardization decreases". Hence, though the drivers behind the development of the 
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standard do not directly impact adoption, they have an underlying influence on the 
overall development and adoption of a standard. 
5.2.2 Initiators of development of the standards 
The standardization arena is characterized by a complex web of interests (Gerst et al. 
2005). Consequently, there are numerous stakeholders involved in the life cycle of a 
standard (NSSF 2004a). Table 5.2 details the main initiators of the development of the 
case study standards, and their impact on the development and adoption of the 
standards. 
Table 5.2: Initiators of the development of the case study standards 
·· · ··· ' ·.·. i': 'JI!SOJ03o~.~224 ·, .< . : ]p$gt~~2f"2. '\ · 
Initiators of development .. South Carolina Research . Main Europeans oil and gas .. 
':Association (SCRA) for the US : companies 
Navy 
Stakeholder role of.. · · Standard developers and · Standard developers and 
initiator implementer · end-users 
··Impact on development· The militiiry provided most of o Encouraged contractors 
· Impact on~ adoption 
Importance of factor 
. the funding for development of : 
the standard and tools for the 
standard 
and software vendors to 
get involved in the 
development process 
o Provided funding 
"+Indirect' 
, · Very important Very important 
·,,. 
In the case of AP224, South Carolina Research Association (SCRA) initiated the 
development of the standard to support the RAMP process. Though the South Carolina 
Research Association could be viewed as eventual implementers of the standard, they 
were central in the development of the standard, and used the requirements of the US 
Navy to initiate the development process. The close involvement of the US Navy 
meant that they were the main fund er of the development of the standard, which had a 
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positive impact on the development process funding and the resources available to 
develop the standard. Therefore, the resultant theme is: 
Theme 2: The involvement of end-users in the conception of a standard can have a 
direct positive impact on the development of the standard, specifically through the 
funding arrangements. 
However, the head AP224 developer pointed out that developing a standard, and tools 
for a standard, that has it roots in the defence environment, causes challenges when you 
try and sell products. He explained that, "the big problem is, once you have developed 
for the defence community, [it] is not advantageous to eventually try and go out and 
sell your product on the market place, I do not know why that is .... so from the point 
view of us doing this development under our customer [the Navy] then trying to go and 
resell it ... that was not successfuf'. Therefore, the resultant theme is: 
Theme 3: Developing ISO standards from within a predominately defence 
background can have a direct negative impact on the subsequent adoption of the 
standard. 
This theme confirms a discovery made by Meister (2004) during an interview at a SC4 
committee annual meeting. Meister reports that the interviewee found that it was 
difficult to promote STEP in his country because of the significant involvement by 
military organizations in the development process. However, as part of his study, 
Meister (2004) put this finding to STEP experts who disagreed with this view and 
argued that STEP's military uses have been a positive factor. Nonetheless, the results 
expressed in Theme 3 seem to suggest otherwise and give another example of military 
involvement having a negative influence on the adoption of a STEP standard. A further 
review of the literature revealed no additional information regarding the impact of 
developing ISO standards from within a predominately defence background. Therefore, 
the finding presented in Theme 3 offers new insights into the impact initiators of the 
development of a standard can have on the subsequent adoption of a standard, and 
provides an opportunity for further research, which is detailed in Section 10.3.3. 
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In the case of ISO 15926-2, the initiators of the development of the standard were 
predominately the main oil companies in Norway, the UK and the Netherlands and 
they had a positive impact on development by providing funding. In addition, these 
main oil companies had a direct positive impact on the balance and diversity of the 
development team. One of the interviewees explained that, "If the oil companies were 
not driving this nothing would happen. The contractors are there because the oil 
companies are there, and the software vendors are there because they see a large 
market place with all their customers." What this shows is that, with their position at 
the head of the supply chain, having the oil companies initiate development encouraged 
contractors and organizations further down the supply chain to get involved in the 
development of the standard. The impact the balance and diversity of the development 
team has on adoption is discussed in detail in Section 5.3.3. Therefore, the resultant 
theme is: 
Theme 4: Having initiating organizations that are at the head of a supply chain has 
a direct positive impact on the balance and diversity of the development team. 
What has emerged is that for both standards, the initiators of development had a direct 
positive impact on funding and in the case ofiSO I 5926-2 an additional direct positive 
impact on the balance and diversity of the development team. In relation to the 
adoption of the standards, this factor was described as very important because having 
end-users involved in the initiation of a standard indicates that there is a ready market 
for the standard, which has a direct positive impact on adoption. 
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5.2.3 Summary 
BOOiJi 
~--- underpinned -- - - Perceived 
' 
Verified 
Drivers behind 
development 
Balance and Adoption and 
I 
diversity of 
development team diffusion 
motivated 
• Initiators of .. Funding development r 
_.. 'X' impacted 'Y' 
Figure 5.1: The impact of the conception stage on the adoption and diffusion of the 
standards 
This section has shown that issues surrounding the conception of a standard impact the 
adoption and diffusion of a standard. What has emerged is that perceived benefits of 
the standard underpin the drivers behind development, and these drivers motivated the 
initiators of development, who in turn had a direct impact on the development, funding 
and adoption of the standard. These key themes are summarised in Figure 5.1. Unless 
otherwise stated, the arrows indicate that 'X impacted Y' in the direction of the arrow. 
5.3 Development Process 
The two data-exchange standards that are being analyzed are ISO standards. This 
section aims to establish if any of the issues surrounding the development of these ISO 
standards has impacted their adoption. The section starts by giving an overview of the 
history of the development of the standards followed by a look at how the following 
three factors impact the adoption of a standard: 
o Development process timescales 
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5.3.1 ISO 10303-224 and ISO 15926-2 development process history: ISO versus 
consortia development 
The history of the development of the two standards varies. AP224 was developed 
solely through the ISO process. However, the development of ISO I 5926-2 was 
initially through a series of consortia, followed by the ISO process. An overview of the 
development history of both standards is described in this section, a detailed 
breakdown of the key development dates and ISO stages is provided in Appendix B-2. 
ISO 10303-224 development history 
The South Carolina Research Institute (SCRA) had a contract with the US Navy to 
develop software to support the RAMP process, and as early as November 1986 the 
RAMP Conceptual Design had been confirmed (RAMP virtual enterprise 2005). 
Within the scope of the RAMP mission, the South Carolina Research Institute 
recognized that some of the issues dividing customer and manufacturing communities 
included the availability, completeness and usefulness of technical data packages 
(RAMP virtual enterprise 2005). To overcome these shortcomings, the South Carolina 
Research Institute pioneered and promoted the development of AP224 as a CAD-
independent format, which is easily distributed, complete and included the necessary 
data to manufacture the modelled part. AP224 was first registered as a proposed new 
project within ISO/TCI84/SC4 in October 1993. The head of AP224 development 
team explained that the project was carried out in two phases, which he detailed as 
follows, "in the first phase we went to our customers, basically the Navy, and we did 
requirements gathering and asked them 'What do you want? '. Once we had that then 
we went to ISO and started participating [soliciting] requirements from additional 
countries so that we could indeed get international support". AP224 was formally 
published as an ISO standard in December 1999. Since then the standard has had one 
completed formal review that was published as edition two in April 2001. AP224 is 
currently under review again, and as a consequence edition two of AP224 was 
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withdrawn as a international standard in December 2005. The proposed publication 
date of edition three is April 2007 (SC4 2006a). 
ISO 15926-2 development history 
Over the years, the technical work of an oil and gas consortium called POSC Caesar 
was more and more related to the STEP standard and influenced by similar work in 
European standardisation consortiums such as PISTEP in UK and USPI in the 
Netherlands. In 1993 the three consortiums POSC Caesar, PISTEP and USPI_NL, in 
addition to a European Commission funded project, Processbase, and some French 
companies, came together under the umbrella of the virtual organization EPISTLE 
(European Process Industries STEP Technical Liaison Executive) to develop the 
EPISTLE data model. The EPISTLE data modelling team adopted the Shell Generic 
Entity Framework as the EPISTLE core model vi. Subsequent versions of the 
EPISTLE core model were developed over the following years. Then in September 
1997, POSC Caesar initiated the New Work Item for ISO 15926-2 based on the 
EPISTLE core model. The EPISTLE data modelling team continued development of 
the data model as the EPISTLE core model, to make it publicly available, with 
different versions being submitted at various ISO stages of ISO 15926-2. The finalised 
version of ISO 15926-2 was formally published by ISO in December 2003, which is 
EPISTLE core model v4.5.1. Therefore, ISO 15926-2 has its roots in the Shell Generic 
Entity Framework, and is regarded as the formal standardization of the EPISTLE core 
model. 
ISO versus consortia development 
AP224 had straightforward development through the ISO process, but ISO 15926-2 
had a more chequered history. The development ofiSO 15926-2, first by consortia and 
then by the ISO process, touches on the debate within the IT standards community 
regarding the contrast between IT standards development through consortia as opposed 
to development through traditional bodies like ISO. Traditional standards development 
organizations (SDOs), like ISO, operate in an open, voluntary public fashion, observe a 
form of due process and make decisions through consensus. Standards development 
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processes based on due process and the consensus principles are often criticized for 
being ineffective and time-consuming (Sherif 2003; Belleflamme 2002; Jakobs et al. 
1996). For example, the time taken to develop an IEEE standard used to be an average 
of seven years, and the development time for an ISO standard has been known to 
exceed seven years (Spring et al. 1995). This time delay was expressed by the head of 
ISO 15926-2 development team who noted that, "we had a good enough [standard] at 
the end of 1997 but the Board, including myself, decided we should go for ISO 
adoption and then we, in a way, started from scratch again because then we had to get 
involved with the Netherlands and UK and then we had to get new ideas on how to 
move on. So we had a detour and, after 2 to 3 years, we ended up with something very 
close to what we had at the end of 1997 I think. This ISO process caused delays. " 
Nonetheless, some of the other developers recognised the fact that having an ISO 
standard brought some brand identification benefits, and this is discussed in more detail 
in Section 5.5.3. 
Consortia were a vendor solution to the problem of long delays and ambiguous 
compromises in the SDOs formal standards process (Weiss and Cargill 1992). No 
accepted definition, as yet, exists for the term 'standards consortium', and in practice, it 
can cover a variety of alliances. Authors such as Updegrove (1995), Weiss and Cargill 
(1992) and Hawkins (1999) provide classifications for different types of consortia. 
Egyedi (2003) offers a definition of a consortia that is relevant to this research, 
explaining that, "a consortium is an alliance of companies and organizations financed 
by membership fees, the aims of which include developing publicly available, multi-
party industry standards or technical specifications". From the point of view of the 
formal standards bodies, the challenge is that standards developing consortia are rivals 
(CENIISSS 2000 cited in Egyedi 2003). Egyedi (2003) explains that this rivalry is 
mainly due to the fact that consortia can produce specifications quicker than the formal 
bodies because they do need not bother with a lengthy democratic and open process 
that demands consensus decision-making and a well-balanced representation of interest 
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groups. However, as was pointed out in informal correspondence1 with a standards 
'expert', certain large consortia like OASIS (Organization for the Advancement of 
Structured Information Standards) do observe due process, and require a very broad 
level of consensus from their members. Consequently, the distinctions between SDOs 
and consortia are increasingly blurred. 
Nonetheless, there are authors who question whether the improved speed of publication 
seen in many consortia is reached at a cost and at the expense of the quality and 
soundness of the standards (Oksala et al. 1996, Wegberg 2004). However, as Cargill 
(1999) explains, "The message from the market is clear - IT standards developing 
organizations are no longer just the preserve of the !SO/National Body regime. The 
challenge that faces the discipline of standardization is healing the divide, not 
accentuating it". 
The way to heal the divide between the two communities is best captured in an award-
wining paper written by Lowell (I 999) who proposes the use of the ancient Chinese 
statement of 'yin and yang'. Lowell explains that, "the yin and yang symbolize the 
dynamic balance in the world, including the standards world .... Despite the many 
changes that have occurred in recent years, there is still balance between the 
contemplative yin (the formal standards process) and the dynamic yang (the consortia 
standards development process)". However, Lowell does go on to caution that, "unless 
more can be done to expedite the formal standards development process, the union and 
harmony between the standards yin and yang will likely not last". In the light of this, 
Bilalis and Herbert (2003) advocate closer contacts between both parties, and 
Kotinurmi et al. (2003) postulate that a hybrid system of committee and market 
outperforms each individual approach. Indeed, van Wegberg (2004) confirms this and 
explains that there are cases where firms form a consortium to develop a technology 
that they subsequently submit to an official SDO. This was demonstrated in the case of 
the development of ISO 15926-2, and two of the developers described this approach as 
1 Email correspondence with Kai Jakobs, editor-in chief of International Journal of!T Standards & 
Standardization Research 
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their ideal model for standards development, and one developer stated that, "my model 
for how standards get developed is that consortia do the work, and ISO provides a 
process through which you take things". The interviewees went on to explain that 
consortia can be used as a vehicle to deal with mistakes before you go to ISO, and as a 
means of verification before you go public. 
5.3.2 Development process timescales: Impact on adoption and reasons for delays 
Weston and Whiddett (1999) point out that time seems to be one of the major faults of 
standards. As was mentioned in Section 5.3.1, the process in use today for developing 
voluntary consensus standards, like ISO standards, is often criticized for its slowness 
and inefficiency (Weiss 1993). The ISO development timescales for both standards 
took six years. One of the original ISO 15926-2 developers interviewed explained that 
at the beginning everyone naively thought the ISO process would take about three 
years. The developer went on to explain that this was very unrealistic and noted that, 
"the reality is that you can have any amount of delay, almost anyone can delay a 
standard going through. whether intentionally or unintentionally and it is a deeply 
frustrating process". This development timescale factor was described as a 'fairly 
important' factor by the interviewees because it impacted three other main factors: 
1. End-user involvement in the standards process 
One interviewee explained, "it was taking longer and people's interest diminished ... 
the view was [that the standard] was taking too long and it is never going to work and 
[end-users} dropped out". The resultant theme is therefore: 
Theme 5: The long development timescales have a direct negative impact on end-
user involvement in the standards process, resulting in a direct negative impact on 
the adoption of the standard. 
2. Software vendors involvement in the standards process 
Software vendors became disheartened and left the development process. The price 
was then paid when the process came to the adoption and implementation phase 
because as one AP224 developer explained, "now we are paying that price, [software 
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vendors] got out because [the standards] were not being developed fast enough and it 
is hard to get [software vendors] back in". Therefore the resultant theme is: 
Theme 6: The long development timescales have a direct negative impact on 
software vendor involvement in the standards process, resulting in a direct negative 
impact on the adoption of the standard. 
The details of the impact of end-user and software vendor involvement on the adoption 
of the standards are discussed in detail in Section 5.3.3. Nonetheless, as a consequence 
of some stakeholders, like end-users and software vendors, pulling out of the 
development process, the funding levels were impacted, which again resulted in longer 
development times, so it is recursive problem. 
3. Relative advantage of the standard 
The relative advantage of a standard is also impacted by the development timescales, 
which has a subsequent impact on adoption. As one interviewee stated, "the other 
concern is that [development] takes a long time and [during that development time] 
you get new technology, so [the standard] is old before it is jinishecf'. The notion of a 
standard being 'old before it is finished' impacts relative advantage because there will 
be new products that can compete and out perform the published standard. The 
resultant theme is therefore: 
Theme 7: The long development timescales have a direct negative impact on the 
relative advantage of the standards due to the fear that the standards are lagging 
behind current technological advancements. 
Dreverman (2005) made a similar discovery in his study, and goes on to explain that 
even though these new technological developments are not substitutes for STEP, they 
draw attention away from efforts surrounding STEP, particularly when the new 
standards yield benefits in a shorter time period. This concern has also been expressed 
in the literature, as Burrows (1999) points out, "the time for getting IT products to 
market in a changing environment is short. If standards are slow in development, they 
may be too late for implementation in products". Therefore the concern that standards 
may be old before they are published is very valid, and this is particularly true for 
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anticipatory standards like ISO 15926-2 and AP224. Cargill (1994) describes an 
anticipatory standard as, "those that standardize a technology in advance of its 
availability as a product in any viable commercial form". Byrne and Gold er (2002) 
point out that, "anticipatory standards have to be developed quickly and have an 
example installation if they are to guide future technology; otherwise, sub-optimal 
standards may become prevalent". This concern was also expressed in the ISO/TC 184 
Business Plan (2005) as one of the factors affecting completion of the technical 
committee's work program. The concern raised in the ISO/TC184 publication reads as 
follows: 'Late publication of standards that are incompatible with the demands of the 
advanced manufacturing applications or no longer meet industrial requirements'. 
The data from interviews and published documents of the two standards indicate five 
main reasons for these delays, these are: 
I. Development participants commitment 
2. Development team dynamics 
3. Time taken to reach consensus 
4. Research nature of the development process 
5. Bureaucracy ofiSO 
1. Development participants commitment 
Representatives to standard development groups are often 'volunteers' rather than 
having dedicated paid positions, which militates against the rapid development of 
standards (Weston and Whiddett 1999). As a consequence of being volunteers, many 
participants in standards development teams work on a part-time basis, and this was 
true of ISO 15926-2 participants from the UK and Netherlands. However, one ISO 
15926-2 developer indicated that this part-time approach was not the way things were 
organised in Norway, where people worked full time in standardization efforts. 
Nevertheless, the part-time approach used by some developers caused huge time delays 
and resulted in large unexpected development costs for the organizations that were 
paying monthly salaries for people to be involved in the development process full time. 
One solution offered by the Norwegian developer was to run these development 
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programs as dedicated projects in order to counter these problems. De Vries et al. 
(2004) agree with this view and advocate that standardization projects should not only 
be managed through project management but also through process management. 
2. Development team dynamics 
The first issue relating to development team dynamics was leadership and diplomacy. 
As on developer noted, "It was taking a lot of effort by some individuals to keep the 
diplomacy between the diffirent types of organization, the diffirent types of people in 
those organizations and the diffirent nations". This confirms findings by Spring et al. 
(1995) who, in a survey of fifty-four IT standards committee members, found that the 
success of any given standardization effort is tightly coupled with the quality of the 
leadership provided. These leaders and committee members need to posses good 
political, diplomacy, and negotiating skills (Weiss 1993). 
The second issue related to conflict resolution. As Spring et al. (1995) explain, "the 
single most important problem that must be addressed by the chairperson is the 
resolution of conflicts which may be technical, political, or personal in nature". This 
was true in the development of both standards and most interviewees described the 
main conflict as being between the idealists and pragmatics. In the view of one of the 
AP224 developers, the idealists were more driven by academic rather than business 
orientation and went on to explain that, "[idealists] are purist they get to the 80% 
development and they still want to carry on, and we know that the extra 20% of purism 
takes 80% of the money and 80% of the time". Other idealists were described by one 
AP224 interviewee as being too hung-up with trying to make the standards look 
"pretty", but as Cargill (1998) explains, "the participants in standardization activities 
must realise that they are not there to protect the standardization process; they are 
there to get standards out". Cargill (1998) goes on to state that "Perfect standards two 
years late are worthless; tremendously imperfect standards are also worthless". Both 
the issues surrounding 'development team dynamics' were impacted by the balance 
and diversity of the development team and led to significant time delays. 
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3. Time taken to reach consensus 
Consensus and due process are widely considered as the fundamental cornerstones of 
International Telecommunication Union's (ITU) and ISO's processes, it ensures that 
everyone who might potentially be affected by a standard has the right to participate in 
the process on equal terms (Jakobs 2000). This indicates that a large group of 
stakeholders is able to be involved in the consensus process. Some of the interviewees 
noted that it took a large amount of time to reach consensus among the different 
members of the development team across the different countries. This confirms 
assertions made by authors, such as Soderstrom (2004) and Weiss and Cargill (1992), 
that consensus in large groups can be more complex and take time to reach. One 
interviewee pointed out that as a result of this large open group, the development team 
were continually going over the same issues, and he went on to explain that, " the data 
model would tend to change depending on who turned up to the meetings". The 
interviewee went on to explain that, "we elected to move to a fixed team and it was 
initially eight people and I was one of those eight, and they were given responsibility 
for the data model ... people outside that group would review the results of those eight, 
but those eight took the decision". This approach was also adopted in the development 
of a mortgage industry standard known as MISMO. Interviewees in a study by Markus 
et al. (2003) referred to this approach as the "same ten people phenomenon", where 
much of the work was done by a rather small group of regular members who come to 
all meetings, and provided the continuity necessary to keep the process moving 
forward. 
4. Research nature of development 
The long development times were also attributed to the research nature of the 
development. In many cases, eo-normative or pre-normative research is needed in 
order to make trustworthy standards (de Vries et al. 2004). As one interviewee 
explained, "the research aspect has certainly been true for the STEP standard and ISO 
15926-2. There is daily research going on because we did not have the answer when 
we started so this has been more of a research project". In addition, another 
interviewee went on to explain that, ''you are having to do collaborative research 
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... and that is the real reason why standards like STEP and ISOJ5926 take so long to 
develop". There were two main reasons given by the interviewees for the research 
nature of the development of these standards: 
o The standards were being developed around a technology that was not mature. One 
interviewee explained that, "normally when you develop standards it is around 
something that is well established, for example a screw size. So historically you 
develop standards when the technology is mature and that is not true today. What 
we are doing is research based standards development". However, this statement 
does not give a complete picture, an additional factor in this is the extent to which 
the debate is mathematically resolvable. For instance, the screw size works because 
we can agree to do the sizes to the nearest 0.25 of an inch for example. Therefore, 
in STEP, the application protocols that deal with geometry are easy to standardize 
because for example, a circle is always going to be a circle. However, difficulty 
comes when determining aspects like whether a 'task' is a 'process' or an 
'activity'? Indeed, Meister (2004) suggests that, "given the relative immaturity and 
low level of integration across the scope of STEP's applications, [STEP} may be an 
example of a standard that was written too early ... Whether [STEP} succeeds or 
fails in the long-run may become a test of the vision of its developers". 
o The second main reason is based around the conceptual idea and scope of the 
standard. Due to the wide scope of these standards, development of conceptual 
models to capture all data relating to the life cycle of a product can be a challenge. 
One of the ISO 15926-2 developers pointed out that dealing with the whole oil and 
gas industry, where different organization use different terminology and individuals 
have different worldview points, was genuinely difficult as all these world 
viewpoints needed placing into a model. The interviewee went on to explain that, 
"we got quite deeply into the theory of classification and ontology and it was not 
until three years ago that we realised what we were doing ... people have been 
playing with this problem for the best part of two centuries." The challenge of 
dealing with ontologies and semantics is a problem that is commonly 
acknowledged in the IT-standards world. As Jain and Zhao (2003) state, "while the 
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standardization of the common syntax and the common mechanisms for web 
services can be considered in relatively healthy shape, the standardization of the 
common semantics is lagging far behind". 
The research nature of the development of a standard is an issue that has not been 
discussed in relation to the development timescales of ISO data-exchange standards. 
Most literature and studies attribute long development timescales to the bureaucracy of 
the ISO process and time taken to reach consensus. Therefore this finding has given a 
new perspective on the issues that cause long development timescales. 
5. Bureaucracy ofiSO 
Discussion about the bureaucracy of ISO is prevalent (Jakobs 1996; Weiss 1993). 
Some of the developers interviewed noted that the bureaucracy of ISO is a barrier and 
causes time delays. However, one of the main ISO 15926-2 developers argued that, "it 
is difficult to know how you could do the [ISO development process] differently when 
you are talking about getting so many nations involved ... the bureaucracy of getting I 5 
or I 8 nations involved and voting is going take a while.... I am not sure I could ever 
recommend a great change to that bureaucracy, I think one just has to work with it for 
the publication process". 
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Figure 5.2: The impact of the development process on the adoption and diffusion of the 
standards 
This section has detailed the impact of the development timescales on the adoption and 
diffusion of the case studies' standards. The section began by giving an overview ofthe 
development history of both standards and discussed the benefits of having a hybrid of 
market and committee standards development. Indeed, the benefit of this hybrid 
approach was attributed as one of the main reasons for the successful adoption of STEP 
AP214 in the automobile supply chain. Dreverman (2005) reports that the standard was 
first developed in separate project teams before going to ISO, thereby avoiding the 
slow ISO process. This section went on to detail the impact of development delays and 
the main causes of these delays. The interrelationship of these different factors are 
summarised in Figure 5.2. As a final note it must be pointed out that in recent times 
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procedures like the !SO's Fast Track have been adopted, and bodies, such as the 
European Telecommunications Standards Institute, have even been funded in an 
attempt to deliver adequate standards specifications in a timely fashion (Jakobs 1996). 
5.3.3 Balance and diversity of development teams: End-user and software vendor 
involvement 
The composition of standard committees is an essential element of standardization 
processes (de Vries et al. 2003). The developers of the two ISO standards agreed with 
this view and described that factor as quite important. The interviewees involved with 
the development of both standards, when directly asked in the interview, agreed that 
there was a good balance and diversity of stakeholders in relation to skills and 
representative organizations from the different stakeholder groups. For AP224, one 
interviewee explained that, "There was a balance in participation and we had 
representation in the US, supporting our client and huge representation internationally 
to give international support". One of the main reasons for this is that the very nature 
of an ISO standard dictates that there has to be representation from across the globe, 
which was true for ISO 15926-2 as well. There are numerous stakeholders involved in 
a standards development process. However, the main discussion in remainder of this 
section is devoted to two main groups within the development process, namely end-
users and software vendors. The impact of other stakeholder groups, like for example 
government, national standards bodies and researchers, is not analyzed in detail in this 
research but there is an opportunity for further work to be done. 
1. End-user involvement in the standards process 
The importance of end-user involvement in the standards process was a perennial 
discussion point, and the interviewees described this as a very important factor. From 
the end-user perspective, being involved was critical, as one interviewee put it, "the 
incentive for getting involved in developing the standard is to ensure that the standard 
actually meets your requirements". This interviewee went on to say it is good to, ''put 
yourself in the position of being an early adopter, although you have to be careful 
about that". However, it was stated that, "There is being on the leading edge and being 
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on the 'bleeding' edge. That is a hard judgement". Therefore, in order for firms to 
have an appreciable impact on the shape of ISO standards they have to be involved in 
the development process as early as possible (Witte 2004). This shows that, from the 
end-user vantage point, involvement is key and does have a positive impact on overall 
adoption if the organization believes that they are getting a standard that meets their 
requirements. Therefore the resultant theme is: 
Theme 8: End-users were involved in the development process in order to ensure the 
standards met their requirements, which has a direct positive impact on the adoption 
of the standard. 
This theme is confirmed by Graham et al. (2003) who ascertain that, "involvement of 
users and other stakeholder groups may contribute to the quality of the resulting 
standards and may enhance stakeholder preparedness to use these standards". 
Therefore, end-users have an important role in IT standardization, and Jakobs et al. 
(1997) point out that end-users are the only ones in a position to contribute meaningful 
real-world requirements to the standards process, and they advocate that end-user 
voices need to be heard and strengthened, but not at all costs, especially where there is 
potential for contradicting requirements. However, it seems the representation of users 
in IT standardization is often inadequate (Graham et al. 2003). A research project 
carried out by Graham et al. (2003) found 27 different barriers to end-user 
participation. These included includes issues like lack of knowledge, time and money 
of potential participants, lack of transparency in committee structures and standards 
development procedures, standardization officers' and conveners' behaviour, and 
committee culture. 
The counter argument with regards to end-user involvement postulates that having 
large end-user participation, results in larger development teams, which can have a 
negative impact on development process, as was described in Section 5.3.2. Jakobs et 
al. (1996) confirm this view in their study of standards setting working groups in the 
field of electronic communications. In their study they report that some of the 
respondents to their interviews expressed concern that having more people involved in 
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the development process would mean more overheads, more hidden agendas, and 
perhaps a dilution of expertise. Nonetheless, standards organizations are looking at 
different ways in which end-user participation can be enhanced (Burrows 1999), and 
Jakobs (1996) suggests that standards organizations should look at how the exchange 
of views and dissemination of information enabled by e-mail and Internet services 
could facilitate greater end-user participation in standards setting. 
2. Software vendors involvement in the standards process 
The interviewees cited having software vendor involvement in the standards process as 
a very important factor that impacts the adoption of data-exchange standards. One of 
the interviewees pointed out that, "Publication of an ISO standards does not make it a 
standard. It is the implementation and use of the standard that does that". This is why 
software vendors are a vital part to the standards process. As one ISO 15926-2 
interviewee explained, "We had involvement from software vendors, tool providers, 
and indeed, it is essential to get those people involved because actually, for this 
standard, in the end it will be transparent to the end-users. They will never know that 
they have a standard. It will just work, and it will work because the tool vendors have 
been conforming to the standards". Even though software vendor involvement was 
critical, there were challenges at times, because as one interviewee pointed out, "the 
software vendors have a natural tendency to want you to be dependent on their 
products. " Consequently some developers describe how development meetings could 
sometimes end up feeling like a software vendors marketing platform. This points to 
observations by Dido (1993) and Gold (1993 cited in Warren 2003) that corporate 
loyalty can supersede the objectivity of the standards process. 
One of the developers involved with ISO 15926-2 explained how one consortium 
would not allow software vendors to be involved initially because they saw software 
vendors as only providing a service, and as a consequence they had an arm's length 
relationship with the vendors. This confirms de Vries et al.'s (2004) view that, "in 
formal standardization, all stakeholders have legitimacy, because all are welcome to 
be represented in standards setting. In practice this may be slightly different as certain 
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committees might prefer some stakeholders not to join". However, other consortium 
members emphasised that they always had the software vendors and various people 
involved because they saw development of the standard as more collaborative. 
Therefore the resultant theme is: 
Theme 9: Having software vendor involvement in the standards process was seen as 
critical to ensure the successful adoption of the standards. 
This confirms Soderstrllm's (2004) view that having software vendors involved with 
standards means that they can take specifications and incorporate them into software 
that end-users can buy and use. However, Meister (2004) points out that Software 
vendors are seen by some in the STEP community as reluctant, at best, integrators of 
STEP into their products. Some of the reasons interviewees in this research gave for 
this reluctance were: 
o The desire for a compelling business case. 
One AP224 developer explained this by stating that, "The CAD vendors are basically 
saying you need to show us the cost benefit for developing software around STEP, and 
that is still very hard to do ... [Software vendors] do not want to develop anything 
around STEP standards without a business case". This desire for a compelling 
business case was driven by the desire of some software vendors to keep their 
customers locked into their products. Dreverman (2005) described this as the software 
vendors' fear of loosing their 'lock-in' advantage. More research is required to 
investigate methods that can be used to establish a compelling business case for the use 
of data-exchange standards like STEP. Therefore, recommendations for future work 
relating to this are detailed in Section 10.3.3. 
o Perceptions of standardization 
Some software vendors were reluctant because, as one interviewee explained, the 
vendors consider use of standards as a negative influence on the proprietary value of 
their data and tools and they see standardization as a means by which they lose control 
over their data, which they equated as losing control over their jobs. 
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In summary, the importance of the involvement of end-users and software vendors in 
the standards process is best summarised by Byrne and Golder (2002) who state that 
successful anticipatory standards have come from organizations where the users and 
providers of the standards have been closely integrated and involved from the start. The 
impact of end-user and software vendor involvement on the adoption of a standard is 
captured in Figure 5 .2. 
5.3.4 Revisions 
Revisions of standards specifications takes place prior to publication and post-
publication. In the case of prior to publication, some issues emerged within the 
development of ISO 15926-2. One interviewee who worked for the main organization 
involved in the development process explained that, "we took out snapshots around 
1997 ... and we have used variants of that ever since ... the latest version of ISO 15926-
2 is significantly different from what we have, so [lately] we have not got engaged [in 
ISO 15926-2] significantly". Therefore what has happened is that organizations are 
implementing different versions of the standard and pulling out of the process. This 
resulted in compatibility challenges. In addition, creating these different versions had 
an impact on the timescales of the development process, as was pointed out by one 
developer, "There has been a lot of different versions so we have been through at/east 
jive or six different versions of the data model and that has also been very demanding 
... We have learned a lot during each revision but it has cost a lot of money and time". 
In the case of post publication revisions, this is only relevant to AP224 at this point. 
The second edition of AP224 was published in April 2001, and the projected 
publication date of the edition three is June 2006. The head of the development team 
explained that they made a conscious decision to avoid compatibility issues during 
revisions but the downside was that they had a standard that was very similar to the 
original version, despite of a lot of effort going into the revision process. Consequently, 
some of the stakeholders involved in the standard argued whether these revisions were 
necessary. As one interviewee put it, "What real benefits have we had from the 
different editions other than a lot of work and a rewrite of everything?". However, one 
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of the interviewees pointed out that the revisions were a key bargaining tool, "[doing 
revisions] has been important. As an example, people wanted to vote down certain 
standards but we persuaded them not to do that because the new requirements they 
wanted we could put in later editions and that enabled us to keep moving on. That was 
an important negotiating process." Nonetheless, the main issue surrounding the 
revisions was compatibility. Therefore the resultant theme is, 
Theme 10: The pre- and post-publication revisions raised compatibility issues and 
concerns for the standards, which have a direct negative impact on the effective 
adoption of the standards. However, the revisions were key negotiating points during 
the development process. 
Egyedi and Loeffen (2002) explain that succession in standardization is often a 
problem, and the advantages of improvements must be weighed against those of 
compatibility. Part of the ongoing debate raised by Egyedi and Loeffen (2002) is the 
dilemma between 'continuity in standards development' versus 'incompatible 
standards revisions'. This is due to the fact that compatibility preserves earlier 
investments, but that may not be of significant value if the standard is not up-to-date 
with current advancements. In the case of these two standards, this was a definite 
problem. The focus of the developers was to ensure compatibility with previous 
versions but not at the expense of working with up-to-date technologies. This is 
explained in more detail in Section 5.4.2. 
5.3.5 Summary 
This section has assessed the impact of a wide variety of development process factors 
on the adoption and diffusion of the data-exchange standards. The section started by 
contrasting ISO and consortia development processes. The next section looked at the 
impact of development process timescales on the adoption of a standard and the 
reasons for these delays. The following section looked at the impact of end-user and 
software vendor involvement on standards adoption. The final section discussed the 
impact the revisions of a standard have on its adoption. A representation of all of the 
relationships described in the themes is summarised in Figure 5 .2. 
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5.4 Standard Characteristics 
The standard characteristics factor has been divided into two issues, the five Diffusion 
of Innovation (DOl) theory characteristics presented by Rogers (2003) and the 
characteristics of the related implementation technologies. 
5.4.1 Rogers DOl characteristics 
Rogers' (2003) five DOl innovation attributes are: 
I. Complexity 
2. Compatibility 
3. Relative Advantage 
4. Trialability, and 
5. Observability. 
All five attributes impacted the adoption of both standards and therefore confirm 
Rogers' (2003) assertion that "standards that are perceived by organizations as having 
greater relative advantage, compatibility, trialability, observability and less complexity 
will be adopted more readily than other standards". 
1. Complexity 
The first and main characteristic is complexity, and most of the interviewees described 
this factor as very important. The term complexity covers two spheres, complexity in 
relation to understanding and complexity in relation to implementation. In terms of 
understanding there was general agreement that both standards were difficult to 
understand, one ISO 15926-2 interviewee noted, "There was concern expressed by 
people who thought it was just getting too complicated, too messy and too difficult". 
Nonetheless, the developers felt that understanding is only key to the software vendors 
and implementers, "/believe that not everyone needs to understand the standard, when 
we have it up and running'. This confirms the belief held by many of the interviewees 
that complexity is not an issue for the end-user because the standard will be hidden 
from them within the tools developed by the software-vendors. However, this 
complexity can have an impact on the understanding and selling of a standard within 
an organization, as is noted in Section 6.3.2. Hence, this complexity puts a greater 
110 
Chapter 5 - Innovation-centric Data Analysis 
demand on the IT and software vendors, but this points again to the importance of 
software vendor involvement in the development process to develop tools to implement 
and use the standards. 
One interviewee noted that complexity was something that could not be avoided, he 
explained that, "We have a complex world, complexity is inevitable so the key is the 
implementation and you will need clever people". Indeed the main source of 
complexity was attributed to the conceptual idea and scope of the standard. One ISO 
I 5926-2 developer explained that, if dealing with a large industry group with numerous 
stakeholders and data, "simplification does not work, so the common denominator is 
usually the more complex picture". This confirms Jakobs (2002) assertion that 'official' 
standards bodies (like for example, ISO) have a strong tendency for 'all-embracing', 
over-arching solutions that solve all problems at once. Jakobs goes on to explain that 
this sometimes leads to extremely complex specifications, that even large companies 
can be hesitant to implement, because of their complexity and because they tend to 
solve problems that nobody has ever encountered. Inevitably the main impact of this 
complexity is in the implementation stage as this complexity puts more pressure on the 
implementers. Therefore the resultant theme is: 
Theme 11: The conceptual idea and scope of the standards resulted in complex data 
models that were difficult to understand and challenging to implement, and this has 
a direct negative impact on the adoption of the standards. 
This is confirmed by Meister (2004) who postulates that, "STEP is a complex standard 
because of its scope and requisite details, not because of a fundamental design or 
development problem ". Complexity is one of the main factors that have emerged 
within IT standards adoption research (Rogers 2003; Mustonen-OIIila and Lyytinen 
2003; Dreverman 2005). De Vries et al. (I 999), also argue that some consultants may 
have a special stake in creating complicated standards as this increases their work in 
assisting companies to implement these standards. De Vries et al.'s claim is not 
verified in the research, but presents an opportunity for future investigation, as detailed 
in Section 10.3.3. 
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2. Compatibility 
Compatibility was also described by the interviewees as a very important factor and 
was discussed in relation to two issues. Firstly, compatibility was discussed in relation 
to the compatibility of the standard with previous versions of the standard, which is 
discussed in Section 5.3.4. The second issue relates to compatibility of the standard 
with related implementation technologies like XML, UML and OWL, which is 
discussed in more detail in Section 5.4.2. Nonetheless, like complexity, compatibility is 
one of the main issues that has emerged from within IT standards research as impacting 
the adoption of standards. For example, Dedrick and West (2003) found compatibility 
a key issue in the adoption ofLinux. 
3. Relative Advantage 
Relative advantage was considered by the interviewees as a 'quite important' factor, 
but was not very important because generally, both case study standards had no 
dominant competing standards. AP224 was developed for a specific purpose and there 
was no alternative when it was first conceived. However, ISO 15926-2 did experience 
some competition in the early days from STEP-AP221 ("Functional data and schematic 
representation for process plants"). In later years, the work between ISO 15926-2 and 
AP221 has been harmonised through EPISTLE and consequently is not currently an 
issue. Nevertheless, as was pointed out in Section 5.3.2, there is a danger that the 
relative advantage of a standard is diminished when the development timescales take 
too long. 
4. Trialability 
Trialability refers to the degree to which an innovation may be experimented with on a 
limited basis (Rogers 2003). Most interviewees described this as a very important 
factor that had a positive impact on the adoption process. The main activities used to 
carry this out included pilots, demonstrations and workshops. However, some 
interviewees pointed out that carrying out pilots and demonstrations prior to the 
publication of the standard falsely raises expectations when the timescales do not 
match the promises that have been made. One ISO 15926-2 developer explained that, 
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"I think the biggest problem with doing those sorts of things is that they raised 
expectations prematurely... if you have heard that [the standard] is going to be 
available in three years, three times and it has not, then you kind of lose faith. " 
Nonetheless, there was added benefit from the pre-publication pilots and 
demonstrations as they provided an opportunity for feedback on the adjustments that 
needed to be made to the standards. 
The idea of doing pilots and demonstrations was met with a negative reaction by some 
of the interviewees. There was a difference of opinion with regards to the need for 
them as some interviewees felt that benefits of the standards should be self-evident and 
advertising them through these pilots and demonstrations was an indication of a 
deficiency of the standards. Indeed one interviewee went as far as to call the 
demonstrations "pseudo demonstrations" that do not actually show true examples of 
the standard's working. Nevertheless, there was unanimous agreement that the best 
ways forward with regards to trialability was to test the standards in real, live pilots. In 
addition, the use of workshops was seen as a key tool to overcome some of the 
misgivings about demonstrations. As one ISO 15926-2 interviewee explained, "I think 
the ... ongoing workshops did not over sell what was going to happen". Therefore, the 
resultant theme is: 
Theme 12: The use of pilots, demonstrations and workshops generally has a positive 
impact on the adoption of the standards. However, there was a danger where 
expectations are raised falsely when timescales did not match up to predicted 
publication dates. 
This is confirmed by Byrne and Golder (2002) who ascertain that anticipatory 
standards should have an example installation, which can be used to guide possible 
implementers and help in the diffusion of a standard. 
5. Observability 
This is where results of an innovation are visible to others (Rogers 2003). This involves 
the documentation of case studies of real implementations and use of the standard 
where post-implementation Return on Investment (ROI) is carried out for organizations 
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to see what benefits of the standard have been achieved. Most of the interviewees 
described this as a very important factor and there have been some case studies 
undertaken with AP224 in the RAMP project and ISO 15926-2 to show the benefits of 
the standards. The main benefit that interviewees described was the fact that these 
activities raise awareness. The second benefit of these activities is that they help to fill 
a credibility gap that was mentioned by one of the ISO 15926-2 developers who 
explained that, "there is a big gap between 'here is the standard' and 'here is how you 
can use it. 'And the cost of actually using the standard is very high because of that gap. 
The cost of bridging the gap seems to be excessive in comparison to the benefits that 
people can justifY. There is what I would call a credibility gap". The use of case 
studies and success stories can fill that gap, which would be beneficial for uptake. 
Therefore the resultant theme is: 
Theme 13: The use of case studies and successes stories, which present real verified 
benefits of the standard, has a direct positive impact on adoption 
Studies done by Rogers (2003) and others (Dreverman 2005; Meister 2004) show that 
this is a critical factor to support the adoption of an innovation. Nonetheless, 
interviewees revealed that there were two main challenges involved in establishing the 
observability of a standard, these were: 
i. Accessing information about the implementation and use of the standard. 
One of the AP224 implementers explained that, "there are some [AP224] 
implementations being done. They are company implementations and they are keeping 
it within the company, so you are really not sure what is going on. They are not being 
iriformative of their work. That makes it very harcf'. Therefore, information about 
implementation of the standards is not being effectively communicated. 
ii. Management of the information 
The second challenge is in relation to who will manage and host this pool of 
information so that it can be easily accessed. Some of the interviewees raised concern 
about how these stories will be successfully managed and monitored and who would 
host them because, being international standards, one cannot keep track of who is using 
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the standards. One interviewee suggested that maybe there needs to be a stronger user 
community so people can be more aware about what is happening in relation to the 
standard. 
Both these challenges point to a key issue relating to communication and information 
channels and this was one of the key issues that Rogers (2003) and others (West 1999, 
Mustonen-Ollila and Lyytinen 2003) have found as an important factor in the adoption 
and diffusion of innovations. Therefore the emergent theme is: 
Theme 14: Poor communication channels among developers, existing adapters and 
potential adapters have negatively impacted the adoption of the standards. 
The voluntary flow of information between existing and potential adopters is important 
for creating positive expectations. The general availability of information about the 
standard has a positive impact on the diffusion of an innovation (Nilakanta and Seam ell 
1990). However, as has been shown in the case studies, the amount of information 
available regarding a standard can vary between environments of different stakeholder 
groups (Kwon and Zmud 1987). 
5.4.2 Related implementation technologies 
Data-exchange standards, such as AP224 and ISO 15926-2, are not only implemented 
using the prescribed data modelling languages, a series of related technologies are also 
used to implement the standards. This section seeks to establish what impact these 
implementation technologies have on the adoption of the standard. AP224, being a 
STEP standard, was developed using the EXPRESS data modelling language. One of 
the interviewees declared that, "EXPRESS is deatf'. However, no other interviewees 
agreed with this view. In fact, one interviewee from a leading oil company explained 
that "EXPRESS is a good data modelling language, and we are actually looking at 
using it for our corporate data modelling." So EXPRESS is still considered a valuable 
data modelling language. In the case of!SO 15926-2, the data modelling language used 
is a language called Gellish. Gellish is an artificial language that enables systems to 
interpret the meaning of the content of a file and then process it. Gellish language is a 
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subset of natural languages and is defined in the public domain STEPiib database 
(Dreverman 2005). 
Most interviewees agreed that data modelling languages like EXPRESS and Gellish 
were useful and pointed out that there is still a need for EXPRESS and Gellish as 
foundations for the development of these data-exchange standards. However, the 
implementation and inevitably the uptake of these data-exchange standards are closely 
tied to links with mainstream technologies like XML, intemet technologies and other 
technologies such as 0 WL that are gaining momentum with the rise of the semantic 
web. 
Parts of STEP have been developed to create interfaces between XML and UML 
technologies. Indeed Lubell and Frechette (2002) stated that, "the STEP community 
moved toward XML in order to capitalize on XML 's popularity and flexibility, and to 
accelerate STEP's adoption and deployment". Similar to this, the head of!SO 15926-2 
development said in the interview that a key to the uptake of the standard is a move to 
technologies like XML and OWL, which he believed would make interfacing simpler 
and bring the benefits of the current wide user-base of these technologies to the uptake 
of!SO 15926-2. Indeed, one AP224 developer explained that in his experience in order 
to engage senior management in organizations he had to use buzz words like XML for 
them to get interested. Therefore, the resultant theme is: 
Theme 15: The use of current technologies such as XML, UML and OWL has a 
direct positive impact on the adoption of standards. 
This theme relates to issues that have emerged within the economics of standards 
relating to network effects. Network effects describe a positive correlation between the 
number of users of a standard and its utility (Farrell and Saloner 1985, Katz and 
Shapiro 1985). Due to the large user-base of technologies like XML, there is a large 
influx of tools, knowledge and skills relating to the technologies and, as a consequence, 
an organization will gain benefits from using popular standards such as XML. As 
Gosain (2003) points out, as one product gets ahead, it becomes progressively more 
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attractive to the other adapters. Therefore, positive networks have influenced 
developers in both the STEP and ISO 15926-2 communities to move towards 
technologies such as XML, UML and other Internet standards, and even new and 
emerging standards like OWL, as this will increase the adoptability of the standards. 
5.4.3 Summary 
This section has looked at the impact of the standard characteristics on the adoption 
and diffusion of a standard. The key emergent themes are summarised in Figure 5.3, 
developed by the author . 
.Ikncli!a 
I Perceived I 
I ~ Verified ~ Observability ~ 
Communication 
Conceptual Channe~ 
idea and scope Complexity ~ 
Revisions -~ Compatibility ~ ~ 
Adoption and 
diffusion 
Development Relative 
timescales Advantage 
Pilots 
demonstrations Trlalability 
workshops 
Network Related 
effects implementation technologies 
Figure 5.3: The impact of standards characteristics on the adoption and diffusion of 
the standards 
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5.5 Standardization Issues 
The standardization issues described here are some of the factors identified by 
Krechmer (2000a) as distinguishing characteristics of formal standards bodies and 
consortia. This section seeks to establish if any of these factors have directly impacted 
the adoption of the case study standards. 
5.5.1 Funding 
Funding for the development of a standard is used mainly to meet the costs associated 
with the development of a standard. All interviewees agreed that the main cost of 
development was manpower and travel expenses. One estimate suggests that the 
development cost for a 'major international telecommunications standard' may amount 
to some I ,000 person-years of experience, twenty person-years of actual effort, plus $3 
million (Office of Technology Assessment 1992). So, as the head of AP224 
development pointed out, funding is critical for the successful development of these 
standards. In the case of AP224, most funding was obtained from the US Navy. 
However, this did pose a challenge because, as the head of development explained, the 
US and UK have deployed large numbers of troops in response to various different 
global security issues, which means that funding within the defence community has 
been diverted to these security issues. As a consequence, projects dependent on money 
from defence ministries have suffered a sudden lack of funding. 
In the case of ISO 15926-2, most of the funding came from organizations that were 
members of the consortia. Again here there was a challenge because some of the 
organizations expected the larger companies, at the head of the supply chain to provide 
all the funding for development of the standard. One of the interviewees from one of 
the main oil companies explained, "It has been rather hard for people outside those 
three main oil companies to take the initiative, because their managers would say well 
why are we funding this if Shell is involved, why can't they fond it. There's a natural 
expectation that the top of the food chain will be the ones that fund it alf'. 
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Another interesting note that emerged was a situation that was described in the 
development ofiSO 15926-2, where one interviewee explained that at one point one of 
the consortia had too much funding and therefore pulled out of the development 
process. The interviewee went on to state that, "actually having too much money is a 
barrier to developing truly common standards". This was an interesting point, 
although all developers involved in AP224 said they had never seen a situation like that 
before, and said funding tends to be tight. Nevertheless, organizations coming and 
going due to excess funding points to a bigger issue relating to power and politics that 
emerge in development team dynamics. 
In the end, there was no evidence of a direct link between funding and adoption, and 
subsequently the interviewees described this factor as 'not important' in relation to the 
adoption of the standards. Where there was an impact was when funding levels 
fluctuated and impacted the timescales, and this was explained in Section 5.2.2. 
Several commentators have suggested that the rate of diffusion of standards' use 
depends, in part, on how standards institutions like ISO price their standards (Swann 
2000). Indeed, Meister (2004) found that some members of the SC4 community 
viewed this cost or fee for the standards an impediment to a standards adoption. When 
this question was posed to the interviewees the general agreement was that, though this 
cost or fee was at times an irritation, there was no evidence of it being a barrier in the 
adoption of the standards. One interviewee went on to explain that the cost of 
standards in relation to the multi-million projects they were being assigned to was 
minimal. In addition to that, most of the organizations dealing with these standards had 
acquired licences to various standards bodies, which enables them to easily access the 
standards. 
5.5.2 Intellectual Property Rights (/PR) 
IPR in standardization is a topic that over the years has gained attention from the 
standards community (Bilalis and Herbert 2003; Blind and Thumm 2004; Oksala et al. 
1996). In the case of the two standards, the IPR issue was not seen as an important 
factor in relation to adoption. However, in the case of ISO 15926-2, one of the 
developers commented that it was a perennial discussion point; some developers 
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wanted to have IPR and some developers thought that the notion of having IPRs for 
international standards took away from the purpose of these standards. One ISO 15926-
2 developer commented, "Immediately you start to say there is intellectual property, 
barriers come down all over the place". This had an impact on development 
timescales, which is in keeping with an assertion made by Weiss and Spring (1992) 
that the "lack of a defined JP protection policy may delay a standard, because each 
case must be negotiated separately". 
The conflicts of interest relating to IPR varied among different stakeholders involved 
in the development of the standards. This confirms a proposition put forward by van 
Wegberg (2004) that, "If innovators differ in the extent of !PR protection of their 
innovations, and if they differ in how important JP R revenues are for them, bargaining 
difficulties may fragment a standardization process". One developer, who represented 
a software company, felt that patents should not go beyond an organizations' 
proprietary code and made a point to promote this ethos within the organization he 
represented. 
There have also been emergent !PR issues in relation to the reference data libraries 
associated with ISO 15926-2. As one interviewee pointed out, "I think there has been a 
bit of problem with the reference data libraries where people have wanted to keep 
parts of the reference data libraries private in order to get commercial gain and that 
has caused upset and problems". Nevertheless, a number of the interviewees pointed 
out that having a key element, like reference data libraries, available in the public 
domain was central to successful uptake. So there is a potential here for an !PR issue 
that could impact the adoption of the standard if some potential end-user organizations 
are put off from adopting the standard if they have to access key parts of the standard 
commercially. Therefore, the resultant theme is: 
Theme 16: The constant debates and conflicts surrounding /PR has a negative 
impact on the development timescales, and poses a potential to negatively impact the 
adoption of the standard if key elements of the standard are not placed in the public 
domain. 
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This theme confirms Blind and Iversen's (2004) assertion that there is a tension in the 
relationship between IPR and standards, which may cause a broad scope of conflict. 
Blind and Iversen (2004) go on to explain that this tension emerges because IPR 
involve a more proprietary aspect and standards more of a public domain aspect. 
Consequently they made a series of recommendations in dealing with IPR issues in the 
standards process, including measures to encourage SDOs like ISO to set up some 
means of dispute resolution during development to help resolve royalty disagreements, 
since this will be quicker and cheaper than resorting to the courts (Blind and Iversen 
2004). Nevertheless, this issue of IPR is a very complex legal issue that still needs to 
be addressed, mainly when it concerns the international arena (Bousquet 2004 ). 
5.5.3 Brand identification 
International standardization organizations such as ISO, ITU and International 
Electrotechnical Commission (IEC) have become well known 'brands' (Krechmer 
2000a). The impact of this brand identification on the adoption of the standards was 
seen as very important by all interviewees. Although there were differing views with 
regards to the nature of the impact, most of the interviewees agreed that the ISO brand 
has a positive impact on the adoption of the standards. As one ISO 15926-2 
interviewee noted, "I think, it is essential it is an ISO standard. In the end, the 
commercial [consortia} side was fine to start with but some people would not have 
bought into it if there was not an intent to be an ISO standard". One of the reasons 
why some of the organizations were favourable to ISO standards is because as one 
interviewee pointed out, "The fact that it is an ISO standard has a positive effect on the 
adoption, because many companies are jaundiced about throwing away IT ... and if you 
can say that work is being based on these standards, people perceive it has longer 
technological life", 
Nonetheless, not everyone favoured the ISO brand. In the oil and gas community, one 
of the interviewees stated that, "there is a very different point of view on ISO in the 
subsurface community - the geologists and geophysicists and these kind of people, they 
do not believe in ISO". In addition, on a practical level, what was found was that 
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second- and third-tier organizations did not care whether it was an ISO standard or not. 
They followed the lead of the head of the supply chain. Some of the developers 
involved in ISO 15926-2 mentioned that brand identification was also negative when 
dealing with some US organizations. As one of the interviewees explained, "Brand 
identification with ISO, tends to be rather negative, which is why I think some of the 
American commercial organizations have more brand value particularly to the 
American market." Therefore, the resultant theme is: 
Theme I7: Brand identification impacts the adoption of standard in both a positive 
and negative way. 
This confirms Krechmer's (2000a) view that telling users that a product conforms to 
ISO or ITU standards has more impact than saying that a product conforms to a certain 
specifications. Nevertheless, certain consortia like W3C (The World Wide Web 
Consortium) have significant brand value for Internet standards. 
Tied to the branding debate is the issue of marketing standards. All interviewees, when 
asked to suggest ways to facilitate the uptake of standards, mentioned marketing of 
standards as a key tool, for example one of the interviewees mentioned, "I think that 
marketing the standard effectively is importanf'. However another interviewee went 
on to caution that, "If you are trying to sell a standard you are wasting your time, if 
you are trying to sell some business functionality then people take interest. I think there 
is a psychology of some people who try and sell a standard, and sometimes you have 
to, but ultimately it is the commercial imperative". Therefore, the emergent theme is: 
Theme I 8: Effective marketing of the standards has a direct positive impact on the 
adoption of the standards. 
Most interviewees agreed with this but there was disagreement with regards to who 
should market the standards. One of the software vendors involved in the 
implementation of AP224 asked, "Why aren't the ISO body marketing themselves? 
Why aren't [ISO] selling the standard? Why don't [ISO] have their own marketing, 'go 
the ISO way'? ... Why aren't there adverts? You need to get someone from the ISO 
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community to sell [the standard], so an ISO body instead of a commercial organization 
sells them the standard'. This touches on Krechmer's (2000a) argument that SDOs like 
ISO should treat their brands as a more strategic asset. However, as Krechmer (2000a) 
goes on to point out, "many SDOs seem to operate otherwise, and these, and many 
other faulty brand management practices, seem to offer evidence that SDOs have 
focused on internal standardization issues rather than the perceptions of their 
customers- a significant error in the emerging, market-driven standards world". 
Cargill (1999) agrees with this view and opens the debate to a wider scope to include 
the contrast between SDO and consortium marketing, and makes the following 
statement: "In a consortium, however, there is a precondition that SDOs do not enjoy-
basically, the members of the consortium are usually like minded and usually wish for 
action to occur ... Members can see a correlation between activity and market share 
and market activity. And in the broadest sense of the term "marketing" [the standard] 
is valid ... The SDOs have forgotten why people value standards. As an example, there 
was a new ANSI constitution (composed of ten items) that was promulgated in 1995. 
Approximately 50% of the text in the constitution was devoted to making sure that 
ANSI was regarded as the leader in standardization, nationally and internationally. 
About four percent of the words were devoted to teaching people about standards, and 
about six percent were focused on the public good. The focus is not on satisfYing a 
user need or responding to a requirement ... Rather, it is about the continuation of a 
power structure that the users are abandoning because it no longer fills a need in the 
IT arena". 
The counter argument relating to having SDOs like ISO market the standards was 
expressed by one of the developers who stated that, "the people who have interest in 
marketing these things are the people who build the software and expect to sell it and 
they should be marketing the solutions not methods". In other words, some of the 
developers felt marketing should solely be in the hand of the software vendors. This is 
due to the fact that, unlike consortia that can pool a small portion of their funds to 
promote their standards, gaining such funding from an SDO requires a new funding 
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request to the organizations that fund the SDO. As Krechmer (2000a) points out, such a 
process is likely to be to slow and cumbersome, and for this reason, formal standards 
from an SDO are rarely promoted by the SDO. Indeed promotion of SDO standards 
only occurs by virtue of the products that are sold that identify the SDO standards 
brand (Krechmer 2000a). 
5.5.4 Summary 
This section has looked at how common standardization issues, like funding, IPR and 
brand identification, impact the adoption of data-exchange standards. A summary of 
the key themes is diagrammatically represented in Figure 5.4. 
Funding Brand Identification 
lr 
Development Adoption and 
tirnescales diffusion 
' 
IPR Marketing 
Figure 5.4: The impact of standardization issues on the adoption and diffusion of the 
standards 
5.6 Characteristics of the Adopting Community: Innovativeness 
The characteristics of the adoption community points to the innovativeness of the 
organizations in the adopting community or social system of a standard, and this factor 
was described as very important by the interviewees. Innovativeness refers to the 
degree to which an individual or other unit of adoption is relatively earlier in adopting 
new ideas than other members of a social system (Rogers 2003). Rogers developed a 
classification for innovativeness, which is presented in Figure 5.5. 
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The 'innovators' relates to firms that have a tendency to be venturesome and take on 
increased risk by being the first to take on board a new innovation or standard. The 
next category, termed "early adopters", help to trigger the critical mass when they 
adopt an innovation, and Rogers points out that adopters further down the supply chain 
tend to look to early adopters for advice and information about an innovation. The 
"early majority" tend to avoid risks but are quick to adopt and implement the 
innovation when "early adopters" demonstrate the benefits. The "late majority" are 
more sceptical and are influenced because others have adopted the standard, for 
example if their major trading partners require to them to use the standards. The final 
group termed "laggards" are the last to engage in the adoption process and tend to be 
more traditional. They may be forced to adopt an innovation or they do not have the 
necessary resources or business foresight to adopt an innovation any earlier (Chen 
2003). 
2.5% 13.5% 
Innovators Early 
Adapters 
34% 
Early 
Major~y 
34% 
Late 
Majorffy 
16% 
Laggards 
Figure 5.5: Adopter categorization on the basis of innovativeness (Rogers 2003) 
. Some potential adopters within a standards adopting community are more innovative 
than others, and can be identified as such by their characteristics (Fichman 1992). The 
main distinguishing characteristics that impacted the innovativeness and subsequent 
adoption of the standards were: 
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I. Organization size 
2. Organization type 
3. Organization culture 
1. Organization size 
What emerged from the data was that larger organizations tended to fall in the 
innovators and early adopter categories for both standards. This is in agreement with 
Soderstrom's (2004) assertion that SDOs focus on large, international companies since 
these traditionally have readily adopted standards and related technology. This is 
because many of these large organizations can afford to be involved in the conception 
and development of standards. The SMEs (small to medium enterprises) were 
generally part of the late majority and this is partly tied to the position of the 
organization in the supply chain. Chen (2003) found similar results in the adoption of 
XML and Web services, SMEs were part of the late majority mainly because their 
major trading partners require them to use the same standards. Another reason for lack 
of SME involvement is a lack of resources to actively engage in the standards process. 
De Vries et al. (2004) contend that for certain standards even a large multinational can 
be a weak stakeholder because oflack of resources. 
2. Organization type 
One of the interviewees stated that oil and gas industries tend to have a positive stand 
towards standards in general and this view was summarised in a comment made by one 
of the ISO 15926-2 developers that, "In the oil and gas industry there is a push for 
having a standard". The defence community also has a positive attitude towards 
standards as is shown in Chapter Six. This shows that organizations from industry 
groups like oil and gas and defence have a positive position towards the adoption of 
standards and they therefore tend to fall in the innovators and early adopter categories. 
In general, software vendors were part of the early majority and late majority. Some 
software vendors came and went during the development process, and only reengaged 
after publication and the standard had reached a level of maturity, this was particularly 
true in the case of AP224. A number of software vendors got involved at the start for 
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ISO 15926-2 development because of the potential market they saw available, and this 
had a positive impact. This points again to the advantage of having end-users and 
software vendors involved in the standards process as soon as possible. 
3. Organization culture 
This refers to specifics about an organization's attitude towards change and towards 
standards. Even though there is evidence that large organizations in certain industries 
have positive attitudes towards standards, this may vary if they are still traditionally 
based and they may wait to see if a standard is implemented before coming on board. 
An example was given by one of the ISO 15926-2 developers: "The Shearwater 
project was implemented roughly around version two [of ISO I 5926-2] ... we were able 
to save, and this was documented - three million pounds against an expenditure of one 
million to set up the system ·and that was in an 18-month period. You can't get more 
solid than that [in terms of verified benefits]. Now the really interesting thing is once 
we had done that and this was in 1996 or 1997 why weren't people queuing up to do 
the same thing on other projects? The answer is conservatism, if you have got a two 
billion pound project and somebody says they have got this new whiz bang piece of 
technology that could save you some money, but it is not really been tried and tested, 
what is your answer going to be? Are you going to try it or not? The answer often is 
no. They will stick with what they know". This shows that even large multinational 
organizations that are traditionally described as having positive attitudes towards 
standards may still emerge as laggards due to issues like conservatism, which is tied to 
attitudes towards change. Other issues relate to attitudes towards a specific standard, 
which was shown in Section 5.5.3 concerning brand identification. 
This section has sought to highlight how the innovativeness of the adoption community 
or social system related to a standard can impact its adoption. However, this section 
has sought to only point to some of the common trends in different industry groups, the 
specific innovativeness of an organization and the impact of that on the adoption of a 
standard is covered in more detail in Chapter Six, which looks at the adoption of 
standards within the UK MoD. Nonetheless, the resultant theme is: 
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Theme 19: The innovativeness of organizations in the adopting community impacts 
the adoption and diffusion of the standards - there was a positive impact when the 
large organizations in the oil and gas, and defence communities were involved- but 
issues surrounding organizational type, size and culture can negatively impact the 
adoption of the standards. 
5.7 Key factors: Barriers and facilitators of adoption 
The sections above have chronicled the impact of the factors identified in the original 
model on the adoption and diffusion of the standards. To help identity key factors, all 
the interviewees who were involved in the development of the two standards were 
asked to state their three main barriers to adoption of their respective standards. These 
were tabled against the main factors and used to assess the current rate of uptake of the 
standards. 
5.7.1 Key barriers and rate of uptake: ISO 10303-224 
Each of the interviewees was asked to identifY the three main barriers to the adoption 
of the standards they were involved in. In the case of the AP224 the three main barriers 
of each of the interviewees were identified and shown in Table 5.3. The numbers in 
brackets indicate where there was more than one respondent out of the five interviewed 
who identified a specific barrier. 
Table 5.3: Barriers to the adoption of! SO I 0303-224 
!Bimiers : ' , · .. · · · : > •·· · JfR~l~ted fact~r ] 
Resistance from software vendors to come on board- ' Software vendor involvement 
lack of tools (2) 
. Not sharing Of the results of iinplementations (3) 
'2"d and 3'd tiers could notafforlit 
. Lack {)fend-user acceptance of the need for the 
· standards ( 4) 
. How companies have traditionally worked (2) 
. STEP community is academic focused and not 
credible from a commercial point of view (3) 
Communication channels 
;;r;~"~ -......... ... " ·- '.' ·- _. ..... 
rinnovativeness: size . 
"''" ''"I( -~-. " ' . ' . ., . 
l• Innovativeness: culture 
''· 
' · Innovativeness: culture 
··' · Balance, diversity arid dynamics of ·· 
development team and Complexity 
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All the identified main barriers can be linked to factors that have been addressed in 
previous sections. Three of the main factors related to innovativeness of the adopting 
community in relation to organizational size and culture. Some of the interviewees felt 
that the STEP standards community was too academic and therefore not able to relate 
to the commercial world, which in their view resulted in complex standards that are 
difficult to implement. This ties in with the discussion with Section 5.3.2, where some 
of the developers felt that the academics were purists looking to develop perfect 
standards, which in their view added complexity to the standard and increased 
development timescales. The next issue was in relation to communication channels to 
make people aware of the benefits, which would encourage adoption of the standard. 
The final issue related to software vendor involvement in the standards process, which 
all interviewees mentioned as a key barrier. 
All the interviewees who had been involved in the development of AP224 described 
the uptake as fair. The main issue that was attributed to this was summarised by the 
head of development of the standard in this way, "We obviously were hoping to have 
much more vendor involvement than we currently have. From that point of view, I 
would say we do not quite have the vendors we would have liked to get onboard. That 
has been a disappointment". Nonetheless, there is general agreement that there will be 
continued adoption of the standard. The concerns were just the speediness of adoption, 
and engaging more software vendors to enable the availability of more tools. In 
addition, the interviewees recommended other incentives such as more publications of 
success stories, marketing, education and an aggressive implementation program with 
usage guides as further ways to facilitate the uptake of the standard. Another practical 
way things are being taken forward is the provision of a suite of manufacturing APs, 
which incorporates AP224 and will further facilitate uptake of the standard. 
5. 7.2 Key barriers and rate of uptake: ISO 15926-2 
The developers interviewed with ISO 15926-2 were asked to name the three main 
barriers and what emerged is summarised in Table 5.4.This table was derived from the 
responses of five interviewees, and again the number in brackets indicates how many 
interviewees mentioned a specific factor. Complexity was a key factor that emerged 
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with regards to the adoption of ISO 15926-2. Unlike AP224, software vendor 
involvement was not seen as a barrier with the adoption of ISO 15926-2 because there 
have been vendors who have stayed with the project from the start. There was debate 
about the observability of the standard prior to implementation in order to develop a 
compelling business case. Then there were issues relating to post-implementation 
observability because as one interviewee pointed out, "it is not easy to actually 
quantify the benefits". This is made it increasingly difficult since data-exchange 
standards like ISO 15926-2 are an integral part of a system that impacts many other 
systems and processes. One interviewee proposed that the focus should be on what it 
enables, not quantified savings and benefits. Innovativeness relating to organizational 
culture is key again, and as was previously mentioned, this issue will be covered in 
more detail in Chapter Six because change management is very much organization 
specific. The time taken to develop the standard was seen as something that impacted 
the adoption, as was detailed in Section 5.3.2. 
Table 5.4: Barriers to the adoption ofiSO 15926-2 
· Finding the fiiutnCial/commerci!ti imperatives for 
adoption by organizations -compelling business case 
···Observability (pre-implementaticm). 
(3) 
· Avaihtble implementing technology (how to you use • Related technologies 
· SQL Server and Oracle to implement) 
Cost of change Im1ovativeness: cultUre.·· 
Quantification of benefits ·· · · Observability(post-impleinentatioll) · 
Time taken to develop the standard (3) '· DeveJopmenttimescales 
. Completion of a globally managed reference data .. Completeness of the entire standard 
library (3) 
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The final barrier emerged within discussion regarding the adoption of ISO 15926-2, 
and this relates to reference data library. A number of interviewees expressed this as 
the key issue that will impact the successful uptake of the standard. One interviewee 
described it as "the main iceberg under the water", in the same vain as the Titanic, 
where progress is being made but the real problem is not immediately obvious. A 
number of interviewees explained the importance of the reference data library, one 
developer noted that, "The reference data library is the bit that is probably most 
interesting to most people ... It is what makes the data model useable, because the data 
model is relatively abstract". Another developer went on to explain that, "The reality 
is, until the software gets more sophisticated you invariably have to invent things on a 
project specific basis. Now we should have a system where they get put back into one 
common managed system, like a global reference library". The resultant theme is 
therefore: 
Theme 20: Not having completeness of the entire standard had a negative impact on 
the adoption of the standard. 
This was the case for a standard known as the Information Resource Dictionary System 
(IRDS) that was studied by Byme and Golder (2002). In their study, Byme and Golder 
explain that, "The Services Interface standard contained a list of general services and 
data structures which an IRDS must support to conform to the standard. It was not 
untill993 that products could claim to coriform to the Services Interface standard and 
the IRDS Standard. The three-year gap between the Framework and the Services 
Interface did not help in the diffusion of the standard'. Therefore, having completeness 
of an entire standard is critical to the effective adoption and diffusion of that standard. 
The general rate of uptake at the time was generally described as fair because the 
interviews were carried out a short time after the standard was published. However, 
there was general optimism that there would be uptake of the standard, and indeed the 
list below is a summary of the key projects currently underway, provided by the head 
of the ISO 15926-2 development: 
o The Norwegian Oil Industry Association has two projects implementing this 
standard. 
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CJ The Norwegian Ministry of Defence is implementing it for some war vessels. 
CJ The UK Ministry of Defence is sponsoring EMSA for evaluating it in connection 
with the STEP-standards for the ship building industry. 
CJ Shell UK has decided to use the standard for their refineries. 
CJ In the United States, the FIATECH organization has decided to use ISO 15926-2 
for intelligent data sheets. 
CJ Major research in Norway has provided results that will be used in the development 
of the Tyrihans field by Statoil. 
The main factor behind successful deployment is tied to the involvement of software 
vendors in the development of the standard and subsequent availability of tools and 
skills for the adoption of the standard. 
5.8 Finalised Innovation-centric Model and Conclusions 
This chapter has aimed to show the interactions of the key factors that affect the 
adoption of data-exchange standards from an innovation-centric viewpoint, based on 
case studies of two SC4 standards. The revised model shown in Figure 5.6 is a 
summation of all the factors that impact the adoption and diffusions of data-exchange 
standards. The factors are categorised under four main sections: conception, standards 
process, standard specifications and adoption conduciveness. A high level view of the 
main factors within each of the four sections that directly impact the adoption and 
diffusion of a standard is shown in Figure 5.7 
What has emerged in the innovation-centric analysis is that most of the findings have 
confirmed existing literature. Therefore, one of the main contributions of this work is 
that the issues surrounding standards adoption from an innovation-centric view have 
been grounded in a different context, namely ISO data-exchange standards community. 
Nonetheless, there are some aspects where new insights have been given in relation to 
defence community involvement in the development of a standard, Section 5.2.2, and 
the impact of the research nature of standards development on the development 
timescales of a standard, Section 5.3.2. 
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Figure 5.7: High-level view of main innovation-centric factors 
In summary, the main novel contributions of this section of the research are: 
1. Grounding of the issues surrounding primary standards adoption in a new 
context, the ISO data-exchange standards community, specifically SC4 
community. 
ii. Development of an innovation-centric adoption model that takes a holistic 
approach, which covers a wide range of factors and their interrelationships 
within a specific case. Most studies will focus on a specific factor and the issues 
surrounding that factor, but this chapter has offered a macro view to show the 
interactions and interrelationships of the wide range of different factors. 
iii. The development of a list of themes that can be used by managers and 
practitioners as a frame of reference to support the data-exchange standards 
adoption and diffusion process. The themes are shown in Table 5.5. 
These novel contributions attest to the importance and necessity of this research to 
the standards development community and the standard adoption research 
community. The next chapter looks at the main factors that impact the adoption of a 
standard from an adopter-centric viewpoint. 
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Table 5.5: Innovation-centric themes 
I ' ' • s Tli . I x, ... ···.. ·:,'.'',···*·····.':··· .. ·.·.·.·.· ... ~ .. ·· .. ·.· .. ·' ... ·.· . ' .·.·.··.·.t.: ..... '.·· .. ·. ·.· .. ··" ..•. ~ . .:.. . ·'.·.·.}:·.'. ;., ..-..:·>~_>··-:·: .. :<: +em.-~~.---~~--.--- ~ ::.;. : :-<-- . 
: Thenie i: The drivers behind the development oftlie standards were mainly economic and a direct reflection of the 
: perceived benefits of the standard and, in turn, they triggered the standardization efforts by motivating the initiators to 
· embark on the development process. 
Theme 2: The involvement of end·users in the conception of a standard can have a direct positive impact on the 
. development of the standard, specifically through the funding arrangements. 
· Theme 3: Developing ISO standards from within a predominately defence background can have a direct negative impact 
on the subsequent adoption of the standard. 
! - " . 
- Theme 4: Having initiating organizations that are at the head of a supply chain has a direct positive impact on the 
:. balance and diversity of the development,team. 
. ' . . 
; Theme 5: The long development timescales haVe a direct negative impact on end-user involvement in the standards 
process, resulting in a direct negative impact on the adoption of the standard. 
Theme 6: The long development timescales have a direct negative impact on software vendor involvement in the 
; standards process, resulting in ~ direct negative impact on the adoption of the standard. 
Theme 7: The long development timescales have a direct negative impact on the relative advantage of the standards due 
:to the fear that the standards are lagging behind current technological advancements. 
i 
Theme 8: End~users were involved in the development process in order to ensure the standards met their requirements, 
: which has a direct positive impact on the adoption of the standard. 
· Theme 9: Having software vendor involvement in the standards process is seen as critical to ensure the successful 
adoption of the standards. 
Theme 10: The pre- and post~publication revisions raised compatibility issues and concerns for the standards, which 
have a direct negative impact on the effective adoption of the standards. However, the revisions were key negotiating 
points during the development process. 
Theme 11: The conceptual idea and scope of the standards resulted in complex data models that were difficult to 
· understand and challenging to implemen~ and this has a direct negative impact on the adoption of the standards. 
: Theme 12: The use of pilots, demonstrations and workshops generally has a positive impact on the adoption ofthe 
· staridards. However, there was a danger where expectations are raised falsely when timescales did not match up to 
predicted publication dates. 
Theme 13: The use of case studies and successes stories, which present real verified benefits of the standard, has a direct 
· positive impact on adoption. 
' Theme 14: Poor communication channels among developers, existing adapters and potential adapters have negatively 
impacted the adoption of the standards. 
Theme 15: The use of current technologies such as XML, UML and OWL has a direct positive impact on the adoption of 
standards. 
Theme 16: The constant debates and conflicts surrounding IPR has a negative impact on the development timescales, 
and poses a potential to negatively impact the adoption of the standard if key elements of the standard are not placed in 
the public domain. 
Theme 17: Brand identification impacts the adoption of standard in both a positive and negative way. 
Theme 18: Effective marketing of the standards has a direct positive impact on the adoption of the standards. 
Them 19: The innovativeness Of organizations in the adopting community impacts the adoption and diffusion of the 
standards · there was a positive impact when the large organizations in the oil and gas, and defence communities were 
i involved- but issues surrounding organizational type, size and culture can negatively impact the adoption of standards. 
Theme 20: Not having completeness of the entire standard has a negative impact on the adoption of the standard. 
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CHAPTER6 
ADOPTER-CENTRIC DATA ANALYSIS 
Chapter Preface 
This chapter presents an analysis of the factors that impact the adoption of standards within the 
UK Ministry of Defence (MoD). The chapter starts by giving a brief overview of the MoD and 
the three standards that are the focus of this study. Following on from that is a detailed analysis 
of the factors and barriers critical to the adoption and diffusion of the three standards within the 
MoD. This analysis is carried out using the constructs identified in the original adopter-centric 
model. The concluding section presents the revised adopter-centric model. 
6.1 Introduction 
The focus of this research is to identity the factors and barriers critical to the adoption 
of data-exchange standards. Chapter Five identified these factors from an innovation-
centric viewpoint, and the purpose of this chapter is to establish the factors that are 
relevant from an adopter-centric approach. This approach focuses on the adoption of an 
innovation, in this case standards, within an organization. The chosen organization for 
this research is the UK MoD. However, in order to limit some of bias of adopter-
centric studies identified by West (1999), this chapter not only focuses on the adoption 
of a ISO data-exchange standard within the MoD, but also looks at the adoption of a 
regional and UK national defence standard. It is hoped that by comparing the adoption 
of an ISO standard with a regional standard and national standard, a better distinction 
can be made between the factors that are unique to the adoption of an ISO data-
exchange standard, and those that are common to the adoption of any standard or 
innovation within the MoD. 
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6.1.1 Data collection and analysis process 
There are numerous data gathering methods in case study research (Yin 1994). The 
main methods used in this part of the research, and the purposes for the chosen 
methods are detailed below: 
o Interviews: This was the primary data collection tool used in this part of the 
research. Five interviews were carried out for each of the three standards. The 
interviews were carried out with developers, implementers, software vendors 
and end-users related to ISO I 0303-224 (AP224) and Def Stan 00-60. 
However, only implementers and end-users were interviewed for NATO 
Codification System (NCS). This is because development of NCS was 
completed before the standard came into use in the UK, and no software 
vendors were available for interview. However the implementers worked 
closely with software that has been developed for the NCS. Details of each of 
the interviewees and the interview (research) timeline can be found in 
Appendix C-4. 
o Documentation: Documents and archival records were used to verify and add 
information regarding different issues raised during both primary and secondary 
adoption 
The analysis of data from multiple case studies can be carried out using a variable 
(factor) or case-orientated approach. In order to draw on the benefits of both 
approaches, a number of authors (Eisenhardt 1989b; Gladwin 1989) have proposed 
using a mixed or integrated approach. In light of this, Miles and Huberman (1994) 
developed and recommended a series of displays using tables, checklist matrices, and 
causal diagrams, which help facilitate an integrated approach, and these display tools 
were used extensively in Chapter Five. However, in this chapter data analysis will be 
carried out using a mixed approach. Hence, in the first section, a variable (factor) 
approach is used to test and verify the validity of the primary adoption factors 
identified in the adopter-centric model presented in Chapter Three. Following this, a 
case approach is used to establish the secondary adoption issues surrounding the 
diffusion or uptake of the three standards within the MoD. Throughout the chapter, key 
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themes that emerge are presented and discussed in relation to the current literature 
surrounding the different factors. This is consistent with the approach recommended by 
Eisenhardt (1989) and Pare (2002), to test themes against the existing literature. The 
concluding section presents the revised adopter-centric model. The remainder of this 
section gives a brief overview of the UK MoD and the three case study standards. 
6.1.2 Overview of the UK Ministry of Defence 
From 1946 to 1964 there were five Departments of State involved in defence in the 
UK. In the following years from 1964 to 1971, these five departments amalgamated to 
form the UK MoD, and the role of the MoD has continued to be been reviewed on 
several occasions, most recently with the Defence Industrial Strategy (UK MoD 
2005b) Few commercial organizations or government departments in the UK can 
compare with the sheer size and sophistication of the MoD, with an annual budget 
exceeding thirty billion pounds and over 300,000 service and civilian personnel (UK 
MoD 2005c). The MoD also works closely with a vast number of prime and sub-
contractors or industry partners to achieve its goals. In addition, UK forces are 
operating world wide with a range of allies and partners, such as NATO, the UN and a 
variety of 'coalitions of the willing' across the world (UK MoD 2002a). The 
organization of the MoD is summarised in the top-level budget structure shown in 
Figure 6.1. 
As can be seen from Figure 6.1, sections of the MoD are devoted to all three services, 
namely the Army, Navy and Air force, and others are linked predominately to specific 
service areas. In addition to this, sections of the MoD are focused on the front line 
command, personnel, procurement and logistics. Procurement and logistics are handled 
by two main agencies, the Defence Procurement Agency and the Defence Logistics 
Organization. Both agencies are made up of what are known as Integrated Project 
Teams (IPTs). According to MoD notes (UK MoD 2006a), IPTs are, "Responsible for 
managing an equipment project from concept to disposal, bringing together all 
stakeholders and involving industry (except during competition phases) under a team 
leader able to balance trade-offs between performance, cost and time within 
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boundaries set by 1he approving azahority. IPTs provide a whole-Life perspective, 
logether with clearly defined customer-supplier relationships". Some I PTs are jointly 
managed by both agencies, other lPTs are linked to a specific agency, but all IPTs are a 
key and integral part of the running of the MoO. A complete overview of the structure 
and breakdown of the MoD can be fo und on the MoD website (UK MoD 2006a). 
Front Une 
D Joint Top Level Budget s (TLBs) 
• Predominately Army TLBs 
• Predominately avy TLBs 
D Predominately Royal Air Force TLBs 
Figure 6.1: Top Level Budget Structure of the MoD (UK MoD 2006a) 
6.1.3 Standardization within the MoD 
According to the MoD Suppon Solutions Envelope, standardization is the key to 
ensuring the interoperabiliry, quality, safety, reliability, maintainability, effectiveness 
and efficiency of the equipment used by the Armed Forces (UK MoD SSE 2005a). 
More specifically the MoD needs information standards to exchange/share information 
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internally and externally between prime and sub-contractors within the UK, and across 
the rest of the world, throughout the life cycle of a product. Therefore the MoD AMS 
(Acquisition Management Systems) standardization authoritative encourages the 
application of 'smart standardization' principles at all stages of the acquisition life 
cycle of a product, that is: concept, assessment, demonstration, manufacture, in-service 
and disposal (UK MoD AMS 2003). Consequently, the choices of standards to be used 
in the various missions or projects within the MoD are selected against a 
standardization hierarchy summarised in Table 6.1. 
As is shown in the hierarchy, UK Government policy is that civil standards are used 
wherever possible in preference to military standards. This national policy resonates 
with that at NATO level, which states "NATO standards will only be developed when 
the requirements are not covered by existing international, civil or military standards" 
(UK MoD 2002b). In light of this MoD policy and the European Commission's Public 
Procurement Directive, European standards are the first choice of standards in the MoD 
followed by international, national, commercial and finally military standards (Stirling 
2001). 
The standards selection hierarchy shown in Table 6.1 was developed to offer guidance 
to standards users in the MOD and, according to AMS documentation (UK MoD AMS 
2003), each mission or project must use standards that best meet the requirements of 
the project in accordance with MoD policy. Therefore, a wide variety of standards are 
used throughout the MoD to supports its business. As a consequence, it was decided 
that to fully appreciate the factors and barriers critical to the adoption of standards 
within the MoD, three case studies would be carried out based on the adoption of an 
international data-exchange standard, a regional military standard and a UK national 
defence standard. 
140 
Chapter 6 -Adopter Centric Data Analysis 
Table 6.1: UK MoD standardization hierarchy (UK MoD AMS 2003) 
·Order of . ' 
i 
[. Preference • ~pe ofStand~~d· . : : '" 'l 
I European 
European Committee for Standardization (CEN), European Committee for Electrotechnical 
Standardization (CENELEC), European Teleconununications Standards Institute (ETSI) 
2 International 
International Organization for Standardization (ISO), International Electrotechnical Commission 
(IEC), International Telecommunication Union (!TU) 
3 National 
British Standards Institution (BSI) 
4 Commercial standards widely recognised by Industry 
E.g. • Rules of the International Civil Aviation Organization (ICAO) agreed through the 
European, Commercial standards e.g. AECMA, ANSI, API, ASTM, IEEE 
International Military Alliances 
E.g. • NATO Standardization Agreements such as the NATO Codification Agreement and 
Allied Publications (APs), Five Nation Agreements. 
6 UK MOD Defence Standards 
E.g.· DefStan 00-60 
7 UK MOD Departmental Standards and Specifications 
8 Other nations' military standards 
E.g.- USA DoD Mil Specs and Standards 
9 Recognized Industry/Partnership/Consortium Standards 
E.g.- PANA VIA, AIRBUS 
6.1.4 Introduction to case study standards 
This study looks at the adoption and diffusion of three standards within the MoD. The 
three chosen standards are: 
1. ISO 10303-224 -RAMP project 
The main STEP project currently running within the MoD is the RAMP (Rapid 
Acquisition of Manufactured Parts) project, which is based on the ISO 10303-224-
"Mechanical parts definition for process planning using machining features" 
(informally referred to as AP224 for the remainder of the chapter). The RAMP process 
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was originally conceived to enable the US DoD to overcome difficulties in obtaining 
small batches of spare parts, particularly those nearing obsolescence. 
The principle of RAMP is that a reduction in the cost of carrying a large spares 
inventory can be achieved by the storage of electronic definitions of spare parts as 
opposed to the manufactured items themselves. Components can then be rapidly 
manufactured on demand, from the electronic STEP descriptions. Therefore, RAMP is 
a form of "just-in-time (JIT) manufacturing", and the fundamental difference between 
RAMP and other leading JIT technologies is that the use of AP224 means that it is a 
more widely applicable process that is not constrained to any particular computer 
hardware, software or vendor specific implementation (LSC Group 2002). Therefore, 
the UK Navy saw the use of RAMP, which is based on an international standard and 
used in the US Navy, as an opportunity to deal with these issues. Consequently, in 
1998 the UK Navy mechanical RAMP pilot project was conducted to prove that the 
system worked in the UK operational environment. 
Following on from that, in 2001, a second study was carried out by a large prime 
contractor to further test the extent of RAMP applicability across a wider range of 
products. These two projects concluded that RAMP using AP224 could significantly 
reduce lead times involved in the procurement of mechanical spares and consequently, 
cost savings could be realised by an elimination or reduction of stockholding (LSC 
Group 2002). In December 2003, a prime contactor involved in the 200 I study 
embarked on the implementation of the UK's first production application of RAMP 
within an MoD Integrated Project Team. 
2. NATO Codification System (NCS) 
The NCS provides NATO countries with a uniform and common system for the 
identification, classification, and stock numbering of items of supply (UK NCB 2002). 
It is based on the US Federal Catalogue System, and the foundation for this system 
within NATO rests in two NATO Standardization Agreements (STANAGs). 
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o STANAG 3150, "Uniform System of Supply Classification," which adopts the US 
system of classifYing supplies as the standard within the NATO Alliance. 
o STANAG 3151, "Uniform System ofltem Identification," which adopts other basic 
standards for identification of supply items and sets the governing structure in place 
for the NCS. 
Allied Committee 135 - ''NATO Group of National Directors on Codification", 
governs the NCS. This committee is composed of a representative from each NATO 
member nation and is committed to increasing the effectiveness and efficiency of 
defence logistics interoperability between participating nations. The system provides 
NATO allies with a common identification language for use within national activities 
and between member countries. Non-NATO countries that are "sponsored" members 
of the NCS also benefit from the system. Countries that participate in the NCS follow 
common standards and techniques to assign a single NATO Stock Number (NSN) to 
each item of supply in their defence inventory. The national codification bureau within 
each country is responsible for the management and assignment of NSNs for parts 
manufactured in that country. The assignment of an NSN fixes the identity of each 
distinctive item of supply. All NSNs are uniform in composition, length, and structure, 
and each is represented by a 13-digit number. The UK National Codification Bureau 
(UKNCB) is the custodian of the UK MOD's Item of Supply Information System 
(ISIS), which contains over 5 million NATO Stock Number records that identifY and 
describe items of equipment used by the UK Armed Forces (UK NCB 2002). 
3. UK Defence Standard 00-60- Def Stan 00-60 
The cost of in-service support of defence equipment is generally equal to, or more than, 
the cost of its procurement (UK MoD 2005a). Therefore, this cost is a significant factor 
in procurement decisions and needs to be managed in a disciplined way. According to 
Def Stan 00-60 Part 1, "Integrated Logistic Support (JLS) is the accepted discipline for 
managing that cost, for enabling support considerations to influence the design, 
including maintainability or selection of equipment, and for delivering and monitoring 
a consistent support environment for the fielded equipment". The many components of 
ILS are encompassed in a structured and integrated way through Def Stan 00-60. The 
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standard includes profiles of existing, internationally recognized standards, which are 
brought together for consistent use. The baseline standards and specifications are: 
o MIL-STD-1388-IA and MIL-STD-1388-28 
o AECMA Specification IOOOD (SIOOOD)- International Specification for Technical 
Publications Utilising a Common Source Database 
o AECMA Specification 2000M - International Specification for Materiel 
Management Integrated Data Processing for Military Equipment. 
AECMA is currently merging with EDIG, the European Defence Industries Group, and 
EUROSPACE, the association of the European space industry, into the AeroSpace and 
Defence industries association of Europe (ASD). 
Def Stan 00-60 is presented in parts. Part I describes the overall context of ILS and 
integrates the remaining parts. Subsequent parts describe the individual processes and 
their data and information management in detail covering Logistic Support Analysis, 
Logistic Support Analysis Record, Integrated Supply Support Procedure and Electronic 
Documentation creation and delivery. On a more specific level, Def Stan 00-60-Part 22 
describes the procedures for the initial stages of codification of equipment provisioned 
in accordance with AECMA Specification 2000M (S2000M) procedures, showing the 
link between DefStan 00-60 and the NCS. 
This chapter analyzes the adoption of each of these standards within the MoD and will 
focus on both primary and secondary adoption issues surrounding their adoption. This 
is keeping with West and Dedrick's (2003) belief that "a richer framework for 
understanding these decisions (for standards adoption) can be developed through a 
qualitative study of a specific standards adoption case". 
6.2 Analysis of the Adopter-centric Model: Primary Adoption 
Primary adoption within an organization deals with the adoption decision. The 
adoption decision is impacted or influenced by a number of factors identified within 
the adopter-centric model developed in Chapter Three and replicated in Figure 6.2. 
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This section analyzes, tests and verifies the identified factors against data surrounding 
the three standards. 
<Inputs> <Control> o, 
6-'"qQ· 
Organizational Characteristics Decision Criteria .o,~ {rqij;. 
·Organization Size and Type 
- Strategic ~ ·Existing Infrastructure ·Tactical ·Installed base 
- Operational <Outputs> 
I ·sunk costs ·Financial 
I 
·Resource availability ~ - Whether to adopt the 
·Organizational Culture /). ~0 standard ~~- - When to adopt ·Drivers ~ Oq -Internal ·How to implement I -External <Process> -Whether to do pilots 
-Which implementation 
.. .. .. 
·-··· technologies to use <Evolutionary Inputs> Adoption Decision 
-Costs of implementation 
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-Promotion and Awareness 
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·-- -
Figure 6.2: Adopter-centric standards adoption and diffosion model 
6.2.1 Organizational characteristics 
The organizational characteristics that impact the primary adoption of a standard within 
the MoD, relates to five key issues, namely: 
I. Organization size and type 
2. Drivers (motivation) 
3. Organization culture 
4. Existing infrastructure 
5. Resource availability 
Section 5.6 gave a brief overview of two of the named factors, namely, organization 
size and type and organization culture. However, Section 5.6 was taking an innovation-
centric view and offered only a generic analysis of these factors. Therefore, the 
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remainder of this section is devoted to giving a more detailed analysis of the factors 
discussed in Section 5.6 and the remaining organizational characteristics that impact 
the adoption of a standard within the specific context of the UK MoD. 
1. Organization size and type 
This factor relates to how the size and type of organization may impact the adoption 
decisions of an organization. Chen (2003) ascertains that "large government agencies 
are traditionally said to be strong supporters of standardization efforts". This was 
found to be true in the case of the MoD. As was previously mentioned, the MoD SSE 
(Support Solutions Envelope) emphasises that standardization is key to ensuring the 
interoperability, quality, safety, reliability, maintainability, effectiveness and efficiency 
of the equipment used by the Armed Forces (UK MoD SSE 2005a). This strong 
support for standards is driven by the fact that it is a large organization that is at the top 
of a supply chain made up of hundreds of contractors and industry partners, and 
effective exchange and sharing of information and the management of equipment is 
greatly enhanced by the use of standards. An interviewee who has worked for over 30 
years in the MoD stated, "I have a business to run. It is called the Royal Navy. The best 
way for me to run my business is by applying standards. That is my corporate rule". 
In addition, following a number of government programs and initiatives, such as the 
Strategic Defence Review and the "Modernising Government" initiative, and an 
internal MoD drive towards implementing Shared Data Environments, plus the impact 
of the Internet and the explosion of e-business, Enterprise Integration has been seen as 
a key enabler to facilitate the seamless exchange and integration of information across 
design, production and engineering support systems in the MoD (UK MoD SSE 
2005b). For this reason, the MoD Support Solutions Envelope states that, "Current 
policy is that international and application neutral standards are to be used wherever 
possible, particularly ISO standards such as ISO 10303" (UK MoD SSE 2005b). 
Therefore, for projects requiring electronic exchange of product data, STEP is the 
specified preferred standard within the MoD. 
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These MoD policies plus statements made by interviewees emphasise and confirm the 
importance of standards for the effective running of the MoD. This indicates that MoD 
support of standardization efforts has a positive impact on the potential adoption of any 
standard within the MoD and is not unique to the adoption of data-exchange standards. 
Therefore, the theme that emerged from this was: 
Theme 1: Due to the MoD's size and position in the defence supply chain, the use of 
standards is a vital for effective running of its business. Consequently, the MoD has 
developed policies on standardization that have a positive impact on the decision to 
adopt standards within the organization. 
What is interesting to note about the issues surrounding the size and type of 
organization was that as one travels down the defence community supply chain, the 
response of prime contractors to the decision to use a standard is not always positive. 
This was particularly true in the case of the adoption decision process between an 
Integrated Project Team (!PT) and a prime defence contractor involved in the RAMP 
project. The contractor was reluctant to take on the use of an open neutral standard like 
AP224 because the company believed that this would empower the MoD to take 
business to any contractor who was willing to comply with the standard, which could 
result in a loss of their business with the MoD. An interviewee who has 
worked for over 30 years in the MoD noted, "Industrial companies are reluctant to 
apply the standard because they believe it is restraining them or reducing their profit. 1 
remember an encounter with a senior manager with a major ship builder in the UK 
saying 'why would 1 apply RAMP because it is just taking money out of my pocket'". 
The interviewee went on to explain, that "if you tell [contractors] that [using 
standards] does not lose money it gives you a better opportunity in a bigger market 
place, they do not buy that and it comes back to hard work to convince them." 
This resistance by industry has an interesting caveat within the MoD because, even 
though STEP is the MoD's preferred choice of standard for data exchange, as one long-
serving MoD project manager went on to explain, "the MoD have large industry 
contractors that tend to be very traditionally based and we are not in a good position 
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to say, 'If you do not apply this standard then we will take our business away'. We 
cannot take it to someone else. These large contractors are very powerful. In the 
United States they have a larger industrial base so they are able to actually apply these 
technologies and these standards more easily and we tend to be restrainecf'. So in the 
case of the RAMP project, it was important that a balance was reached for benefit to be 
seen by both the MoD and prime contactor, and this was accomplished through a 
contractual arrangement explained in Section 6.2.4. This confirms Meister's finding 
that adoption of these data-exchange standards needs to be thought of in terms of 
supply chains rather those individual organizations. Indeed some of SC4 members 
interviewed by Meister (2004) suggested that customers, like the MoD, should promote 
STEP 'by writing it into contracts'. 
2. Drivers (Motivation) 
Themistocleous (2002), when looking at the adoption of enterprise integration 
technologies within two large organizations, found that the internal and external drivers 
and pressures were key factors in the adoption of technology within an organization. 
The drivers involved in the adoption of a standard may be internally based on 
organizational need or pressure from, for example, senior management. The drivers 
may also be external because of pressure from trading partners in the form of 
mandatory or legal requirements. The nature of drivers can also be strategic, tactical, 
operational or economical. Table 6.2 summarises the main drivers behind the adoption 
ofthe three standards. 
There were clear drivers for the adoption decision for all three standards. The natures 
of these drivers were mainly internal from within the MoD and economic in relation to 
cost savings. In the case of the RAMP project, the key facilitator was the fact that there 
was a clear motivation and need for the use of the RAMP process. The UK Navy had a 
desire to better control its stockholding of spares in order to reduce the size of its 
inventory, which was very large, and predominately made up mechanical parts. 
Therefore, as the RAMP project leader went on to explain, the main motivation behind 
the project was that, "There is a lot of cost [associated with storing parts} and whilst 
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big warehouses full of spare parts can be absorbed in some form of government 
bureaucracy, if you are in industry with shareholders expecting a dividend you cannot 
afford to have this asset that is appreciating at 6% per year. And our shareholders are 
taxpayers!" 
Table 6.2: Drivers behind the adoption of the case study standards 
1 Standard· .. HDriver : i ,> < . , '.' . . HNat11re ~fdrive( 
AP224 •• 0 Better control of stockholding of spares in :: : Internal 
j, ' ''i' 
0 
• order to reduce the size of inventory Economic 
.. 
Def Stan 00-60 . 0 Reduce the cost of in~set'Vice support of . Internal 
defence equipment through an Integrated 
Logistic Support (ILS) package 
Economic 
NCS · Managing stock, inventory and duplication of ·· · Internal and external 
stock and facilitate interoperability between 
nations 
Economic and operational 
So cost saving and efficiencies were driving the desire for a solution. However, in the 
case of the NCS, there was an additional external and operational driver to support 
interoperability both within the MoD and with other nations. One MoD senior manager 
explained the operational drivers in this way: 
"If you look at the codification process, for instance when you have a guy whose out on 
the front line in the pouring rain in just over freezing, he has not got any time to do a 
[part] comparison ... By coding one number he is going to get an interoperable part 
put in his hand, and if that saves him time it is going to deliver operation capability to 
him and its going to get him into the warm and dry as soon as possible and get his 
aircraft back in the air, and that is what its about. We are investing time so the guy on 
the front line can make quick decisions". 
I 
What was shown from analysis of the RAMP project was that having these clear 
drivers behind the adoption of the standard had a positive impact on the adoption 
decision. This was evident in the two other cases but not as significant. In the case of 
Def Stan 00-60, it is a defence standard initiated by the MoD and consequently by its 
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very nature it will be adopted by the MoD. It is also mandated, so the drivers are not 
directly related to the adoption decision although the drivers triggered the development 
of the standard. Therefore, for Def Stan 00-60 the primary adoption decision was not in 
question, the key issues arise in secondary adoption across the MoD. This is discussed 
in Section 6.3. 
In the case of the NCS, the drivers did impact the decision but again to a lesser extent 
than in the RAMP project because there were also external pressures due to the UK 
being a member of NATO, and the standard being mandated throughout NATO. 
Hence, the decision to adopt the NCS was straightforward, unlike in the case of the 
RAMP project. Thus the resulting theme is: 
Theme 2: Having clear economic and operational drivers behind the use of the 
standard has a positive impact on the adoption decision process. This is particularly 
true where there are internal and external drivers behind the adoption of the 
standard. 
This result confirms findings of authors such as Themistocleous (2002) and emphasises 
the validity of this factor. 
3. Organization culture: 
This organizational characteristic relates to the cultural beliefs that an organization has 
relating to change (Mustonen-Ollila & Lyytinen 2003). Overall, there was a resistance 
to change. Indeed, resistance to change was the most commonly cited primary adoption 
barrier. The source of this resistance to change varied among the different MoD 
representatives. The main sources of resistance included: 
IJ Reluctance to change current ways of working: Some representatives resisted 
adoption purely because they had traditional ways of approaching work and were 
not willing to change. They had what one interviewee termed as 'not-invented-here 
syndrome', which was exactly the response given by potential STEP users in the 
process industry (Dreverman 2005). Some stakeholders were resistant to the idea of 
new technologies being rapidly introduced within the MoD, as one MoD senior 
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manager noted, "I have old directors who tell me Rome was not built in a day, but 
what they fail to realise is that parts of it were, and what we are doing is parts of 
it." The MoD official went on to state that, "information is now almost fully digital, 
and hopefully, with young engineers and business students coming out from 
university, they will be more familiar with this technology, but at this point we have 
got this old school who do not understand all this". 
~ Switching costs: Other end-users were resistant to the possible switching costs 
involved in having to change their current approaches to work, which would affect 
budgets and incomes. As one of the RAMP project interviewees noted, "the 
contractor is a very large organization and most people would prefer to carry on 
the way they have done things and use drawings and be able to carry on 
unchanged. They have had a massive investment in new equipment new machines 
and new software to support this". 
~ Fear of loss of power and control: For !PT representatives, the introduction of 
this project represented a loss of control and power, as one MoD employee 
explained, "The amount of money [MoD managers] receive to buy things per year 
is power. So therefore, they do not want to see their budget decreased. The civil 
servant is not naturally a person looking for efficiency ... So some people do not 
want to get into that type of game because of it taking some of their power away". 
In addition, some !PT decision makers saw the impact that the introduction of a 
system like RAMP might have on their relationships with contractors. One MoD 
senior manager noted "[managers} have a large team of people, to some of whom 
RAMP would represent significant change to their control of how things are 
ordered and how things are supplied, so it is upsetting their relationship with their 
suppliers and it is causing them some difficulties and, at the end of the day, it must 
cause fears of driving unemployment'. 
An MoD end-user pointed out that the traditional military way to overcome resistance 
to change was a ''you just do it" attitude. However, the interviewee went on to point 
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out that, even in a military environment, employees will not work with the system 
whole heartedly and that will frustrate what needs to be done on a project and lead to 
project overruns. Therefore the resultant theme is: 
Theme 3: The adoption decision was negatively impacted by a resistance to change 
demonstrated by key decision makers. The main causes of resistance were traditional 
ways of working, switching costs and loss of power and control. 
This theme is consistent with the commonly cited resistance-to-change factors 
identified by Kotter et al. (1998) in the Harvard business review. All the factors point 
to personal characteristics, which show that some potential adapters are more 
innovative than others (Fichman 1992). This was particularly the case in the resistance 
by some of the older MoD employees who, because of their age, were resistant to the 
speed at which new technologies were being introduced. Age was also identified as a 
key moderator of end-user willingness to accept new technologies in a comprehensive 
study by Venkatesh et al. (2003) into user acceptance ofiT. 
A second issue relating to organization culture was user attitudes towards standards. In 
other words, the opinions and beliefs of users towards standards. Some of the common 
attitudes and perceptions were that the use of standards would restrict the way they 
worked and bring no real benefits. As one interviewee explained, "Standards, I 
believe, are necessary. What we have to be able to do is not frighten people by their 
implementation and also stress to people that they are not there as a restraint, they are 
there as a business enabler". Meister (2004) had a similar comment from an SC4 
member he interviewed; he found that in some countries the term standard meant 
constriction and a change in current ways of working to match someone else. 
Other end-users interviewed perceived the standards as being complex and would 
therefore cost a lot to implement. In addition, some of the end-users indicated that they 
had a negative view of ISO standards in general, mainly because of their experiences 
with the ISO standards development community, which they perceived to be a group of 
academics who were not connected to reality, which was discussed in Section 5.3.2 and 
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Section 5.71. In the case of the RAMP project, some interviewees expressed the view 
that standards like STEP are simply ideas that software vendors and consultants were 
trying to get them to use and, therefore, there was a reluctance to adopt and implement 
the standard. Hence, the resultant theme is: 
Theme 4: Some decision makers have negative attitudes and perceptions towards 
standards in general and ISO standards in particular and this has a negative impact 
on the adoption decision process. 
Coombs et al. (2001) recognize in their study of the adoption of community 
information systems that it desirable to attain positive user attitudes towards a system. 
In their view this may have a beneficial impact upon user behaviour, ultimately 
influencing user acceptance of a system. Other authors (Zmud 1983; Davis 1993; Al-
Gahtani and King 1999) have given insight into the impact of user attitudes on system 
acceptance and adoption. However, these studies focused on attitudes towards 
information systems and change, and not on specific standards, and what emerged from 
the literature was a lack of studies that dealt specifically with decision makers' 
attitudes and perceptions towards standards from an adopter-centric point of view. 
These results have, therefore, given insights into some of the issues surrounding 
attitudes towards standards and offered an opportunity for an interesting further study 
to test if these perceptions were valid over a wider population of end-users. The 
findings from the study into attitudes towards standards are presented in Chapter 9. 
4. Existing Infrastructure 
This factor is linked with organization culture, and was particularly demonstrated in the 
RAMP project. What emerged was that investments that had been made in new 
equipment and machines would be lost with the introduction ofthe standard. This was 
particularly the case for the prime contractor involved in the adoption decision. 
Therefore, the theme that emerged was: 
Theme 5: Some stakeholders have investments in technology and software that 
would be lost with the introduction of the standard, resulting in additional switching 
costs. This had a negative impact on the adoption decision process. 
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This is in keeping with findings by authors such as Hovav et al. (2003) who explain 
that, "even if an innovation is considered to be superior on the basis of objective 
criteria, a potential adopter may still not adopt the innovation. The presence of a large 
installed base of existing innovation leading to the presence of sunk costs through 
i"eversible investments can introduce a drag on the adoption of a new innovation". 
The reluctance of some stakeholders is tied to the switching costs that emerge from the 
need to change systems and ways of working. Kahl (2004) classified switching costs 
into four categories: 
o Technical integration costs: These costs relate to the costs associated with 
integrating a new system with other infrastructure software such as databases, 
application servers, operating systems, transaction management, as well as 
different kinds of hardware and communication protocols. 
o Organizational integration costs: These costs deal with the costs associated with 
change, in particular changes to business processes. 
o Training and learning costs: In the introduction of a new system there will be 
costs associated with training staff to learn and new system. 
o Contractual costs: Contractual arrangements can create a form of switching 
costs. For example contract termination penalties or a maintenance contract, 
which costs 15-20% of the total license over a three year period. 
The costs in the cases studied here were mainly technical integration and organizational 
integration costs, mainly due to the fact the these ISO data-exchange standards 
underpin software that enables the exchange and sharing of information both within 
and across organizations. In addition, there are learning costs associated with retraining 
the end-users. These technical- and human-cost issues are generally consistent with the 
impact of organizational learning upon adoption (West 1999). 
5. Resource Availability 
Resource availability within the MoD is greatly affected by restructuring and review 
initiatives. This was particularly the case in the RAMP project. After the 1998 pilot 
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there was a major reorganization of the MoD, in addition to that, the associated 
changes that resulted from the Smart Procurement Initiative started in 1997 (LSC 
Group 2002). These activities may explain some of the reasons for the delays that 
occurred between the first successful pilot in 1998 and the subsequent pilot project in 
2001. 
In addition to the reviews and restructuring initiatives that take place in the MoD, the 
other challenge to resource availability is the constant changing of position within the 
organization. An interviewee who has worked for over 30 years in the MoD explained 
this situation as follows: "The MOD is not an easy customer to have. Everybody 
changes position every two years and there is very little continuity between one set of 
people to a next, so it is a constant battle to educate people and they are largely 
fruitless battles to educate people and move forward ... It is probably only with the 
involvement of a prime contractor as a reasonably significant supplier that we 
managed to engage one of the IPTs in taking this approach to supply [RAMP} 
seriously". 
This reorganization and general moving of people has an impact on the financial and 
human resources available, as was the case in the RAMP project. To further 
compound resource availability challenges, the influence and consequences of urgent 
operational requirements may require people to be reassigned to different projects 
without notice or warning, again making continuity very difficult. However, this was 
not a key issue at the primary decision level adoption of the NCS and Def Stan 00-60. 
The resultant theme is therefore: 
Theme 6: Restructuring initiatives and frequent redistribution of employees within 
the MoD results in a lack of continuity of financial and human resources, which has 
a negative impact on the adoption decision process. 
One of the key counter factors of this resource availability challenge in the RAMP 
project was the availability of key champions. Some were internal to the MoD. Some 
were key external consultants who kept the project moving forward and who were vital 
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in championing the benefits of the standard and were responsible for getting the 
standard to the current point of implementation in the form of a pilot project. One of 
the interviewees noted that it was difficult to initially find any internal business 
champions. However, one interviewee stated, "once some key managers saw the 
business benefit and were able to see the changes required in light of these benefits, 
support for the adoption of the standard grew". 
Theme 7: Champions and change agents are vital in keeping the adoption decision 
process moving forward and have a positive impact on the final decision. 
Meister (2004) found that having a strong visionary leader or champion was a common 
element of every successful STEP adoption story. This confirms work by Rogers 
(2003) and Prescot & Cogner (1995) who did a longitudinal study into the factors that 
impact adoption of innovations, and they explain that champion support for an 
innovation means that someone within the organization becomes a special advocate for 
the innovation, taking actions to increase the probability of successful adoption and 
implementation and this was demonstrated in the study. This is further affirmed by 
Fichman (1992) who explains that, "the actions of certain kinds of individuals {opinion 
leaders and change agents) can accelerate adoption". 
6.2.2 Standards Characteristics 
The standard characteristics factor draws on Rogers' five traditional characteristics, 
namely: complexity, relative advantage, compatibility, observability and trialability, 
and the characteristics of the related implementation technologies. At the primary 
adoption level, the characteristics of Def Stan 00-60 and the NCS did not have an 
impact on the adoption decision; again issues surrounding the characteristics of these 
standards emerged mainly during the secondary adoption stage or implementation 
process. 
However, in the case of the RAMP project, certain characteristics of the standard did 
impact the adoption decision process. The first was related to the complexity of the 
standard, and was as a result of decision makers finding it difficult to understand the 
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standard and how it works. Two of the consultant implementers noted, "When you talk 
about STEP they think there is some "black magic" there and say 'absolutely no way 
are we going to understand that'". The second characteristic was in relation to relative 
advantage, and RAMP was seen as the only standard decision makers believed would 
bring them the benefit they required. One interviewee who has worked for over 30 
years in the MoD explained this point by stating that, "STEP seemed the logical way to 
go and the STEP-based approach [RAMP] was the best way. It gave us that degree of 
neutrality that we did not have to rely on single source supplier and [it} gave us a 
capability of holding a file neutrally that we could exchange. We did not feel a need to 
try any other standards". 
The next characteristic was in relation to the compatibility of the standard. This was 
particularly the case with regards to the use of XML to implement the STEP 
application protocol. This is due to the fact that the UK government and many trading 
standards bodies have adopted XML as the format for exchanging information. 
Therefore, the use of XML for data exchange into and out of MOD systems is being 
encouraged wherever appropriate. Hence, the use of XML to implement the system 
encouraged the uptake of RAMP because there was compliance with MoD policy, 
which states that XML must be used to exchange information between systems within 
the MOD and between MOD systems and external partners (UK MoD COMA 2004). 
The resulting theme is therefore: 
Theme 8: Characteristics relating to the complexity, relative advantage and 
compatibility of the standard have a positive impact on the adoption decision process. 
These characteristics have emerged as key issues in the adoption studies of numerous 
authors (Hovav et al. 2004; Mustonen-Ollila and Lyytinen 2003; Dedrick and West 
2003), and confirm Rogers (2003) assertion that, "standards that are perceived by 
organizations as having greater relative advantage, compatibility, trialability, 
observability and less complexity will be adopted more readily than other standards", 
In addition, the characteristics of the related technologies should be favourable to 
support the adoption of the standard. 
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6.2.3 Environmental Factors 
The environmental characteristics describe the set of factors that favour an 
organization's adoption of a standard by assessing the environmental conduciveness. 
This includes issues surrounding three factors: 
I. Network effect 
2. Support 
3. Information and communication channels 
I. Network effects 
The key factor within the environmental characteristics is the impact of network effects 
on the adoption decision. There was a positive network effect on the adoption of 
RAMP in the UK Navy, based on the fact that this project was first established in the 
US Navy. As one implementer said, "It was quite a sensible choice to a use an existing 
standard that did have some support and use." The resultant theme is therefore: 
Theme 9: Current adoption and use of the standard within the US defence 
community has a positive impact on the adoption decision within the UK. 
These findings point to results found in research on network externalities. In network 
externalities, each buyer of a technology receives greater benefits as the user network 
increases in size. Examples of this include the telephone service and fax machines 
(Warner 2003). These benefits include an increase in support and resources 
surrounding an innovation. Though this RAMP example is slightly narrow, there was 
an acknowledgement that by using an international standard there would be an 
increased benefit as more people work to the standard, and one MoD decision maker 
noted, "In the case of an international standard, there is a hope that as more 
organizations outside the MoD and contractor sector work to the standard, there will 
be benefit in working with the standard". This confirms another hypothesized factor in 
the economics of standards regarding the role of positive network effects that accrue to 
all adopters of a popular standard (Weizsacker 1984). Therefore, the MoD is 
positioning itself for greater network benefits as the adoption of AP224 increases. 
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2. Support 
The numerous pilots, demonstrations and seminars had a positive impact on the 
primary adoption decision of the RAMP project and were beneficial in promoting the 
standard, gaining interest and proving that the standard and supporting technologies 
worked. These pilots were also able to show the benefits that could be achieved from 
using the standard. Nonetheless, there was a delay between the 1998 pilot and the 
subsequent pilot in 2001. One interviewee suggested that one the reasons for this delay 
after the successful pilot in 1998 was due to the apathy some MoD employees display 
towards pilots, and explained that, "It did not get taken up because it was just another 
MoD pilot projecf'. However, despite this view, the overwhelming view was that pilots 
and demonstrations are key in supporting the adoption decision process. Hence, the 
resulting theme is: 
Theme 10: The use of pilots and demonstration for promotion and awareness of the 
standard has a positive impact on the adoption decision process. 
This is in keeping Mathieson and Ryan's (1997) findings that users have an important 
role in evaluating the fit between their tasks and software packages. Mathieson's 
experiments compared two different types of experience with an information system: 
direct (such as hands-on testing) and indirect (such as watching a demonstration). 
Mathieson and Ryan (1997) explained that direct experience resulted in more extreme 
beliefs and suggested that inexpensive demonstrations should be used initially, since 
they can help users discriminate between packages, but hands-on testing, though more 
expensive, is best used when demonstrations do not yield a clear preference. The use of 
these pilots and demonstrations confirms the importance of the observability and 
trialability innovation characteristics identified by Rogers (2003). 
Another form of support that was made evident was the importance of consultants. A 
consultant is a person who provides expert advice professionally (AskOxford.com 
2005). In the case of the RAMP project, these consultants helped in facilitating some of 
the pilots and demonstrations, developed software to implement RAMP and provided 
key champions who facilitated the adoption process. Therefore the resulting theme is: 
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Theme 11: The involvement of consultants, who provide expert advice and services, 
has a positive impact on the adoption decision process. 
Authors such as Themistocleous (2002), found that support factors like vendor support 
and consultant support were key in the adoption of EA! and ERP systems within an 
organization. In addition, Attewell (1992) ascertains that the availability of external 
skills (such as through integrators or consultants) is essential for adoption by some 
organizations, and this has proved true in the case of the adoption of standards within 
the MoD. This was mainly due to the skills that were made available and needed on the 
project. 
6.2.4 Mechanisms and control: Decision makers, techniques and criteria 
According to Rogers (2003), the innovation decision process is a mental process 
through which an individual (or other decision-making unit) passes first from 
knowledge of an innovation to forming an attitude toward the innovation through 
persuasion, to a decision to adopt or reject the innovation, to the implementation of the 
new innovation. The process of 'forming an attitude towards innovation through 
persuasion' is where the decision mechanisms come into play. A common mechanism 
in the decision making process is the use of some form of pre-implementation 
investment appraisal techniques such as business cases or doing some form of Return 
of Investment analysis. The pre-investment technique used in the RAMP project was 
the development of a business case to support the adoption decision. 
A number of the interviewees noted that developing a business case for the 
implementation of RAMP was initially difficult to do. They recognised that it was 
important to have a business case, but that there was a difficulty in establishing what 
the current costs were, and where improvements would be realised against the current 
baseline costs. As one MoD technical officer put it, "Part of what we had to do was 
' predict the usage and savings, and that is a horrendously difficult [task] because the 
Ministry's figures for stock levels and stock values and item values fluctuate all over 
the place, and so it is very difficult to target [usage and savings]". 
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What this does is make it difficult to clearly justify where the benefit is without having 
suspicions being raised, and according to one a MoD project manager, many of the 
business cases are seen as "'wet finger in the air' jobs", which is a term often used to 
refer to a 'best guess' based on plausible assumptions (Blakeley et al. 1994). This 
confirms findings by Parker and Benson (1989) which revealed that most chief 
executive officers are not comfortable with the current tools and techniques used to 
justify their investments in IT, because they lack preciseness of definition in the 
financial methods used. 
Other interviewees noted that there were political issues surrounding the development 
of business cases. As one interviewee explained, "If cost-benefit analysis could be done 
very easily, I would say that it has got to be a good thing, but I think that it would be so 
politically charged it would be like the spin government put out on how much 
improvement they are going to get from a particular policy ... I think so many people 
have got a vested interest in seeing these standards implemented. I do not think you 
will ever get a clear picture". The theme that therefore emerged was: 
Theme 12: Determining the business case for the project was a difficult exercise and 
will initially have a negative impact on the adoption decision process. 
This finding was not unique to the two case study standards. Meister (2004) found that 
most common problem mentioned by SC4 members he interviewed was the difficulty 
in establishing a business case for the use STEP. These difficulties were mainly 
attributed to the fact that while the costs of STEP implementations are tangible, the 
benefits were less so. As a consequence many of the managers interviewed by Meister 
found that when a business case was made, it focused primarily on capabilities and 
opportunities, not on numbers that meet organizational hurdle rates for investments. 
Subsequently STEP-related funding seemed to come out of what was perceived as 
research budgets, rather than production budgets. This has been confirmed by a number 
of authors (I rani 2002; !rani et al. I 999) who postulate that the justification of IT is a 
complex issue due to many intangibles and non-financial benefits that are inherent in 
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the implementation of IT. There is no commonly agreed method or way to develop a 
business case for evaluating the return on investment from IT standards, and as detailed 
in Section I 0.3.3., further research can be carried out to address this issue. 
Small and Chen (1995) have identified various underlying concerns in industry with 
regard to the justification of new technology that can be applied to the adoption of 
data-exchange standards. These concerns centre around: (i) many of the achievable 
benefits are considered to be qualitative rather than quantitative, and hence difficult to 
quantify; (ii) a lack of readily accessible and acceptable techniques for appraising all 
project costs and benefits; (iii) the ability to assess the true performance of a system is 
diminished if all benefits are not quantified during the justification process; and (iv) an 
insufficient level of internal skills (managerial and technical) to appraise proposed 
systems. Due to the above concerns, many corporate managers have been forced to 
adopt one of the following strategies: 
o Not to undertake IT projects that could be beneficial to the long-term future of the 
organization 
o Invest in projects as an 'act of faith' 
o Use creative accounting as a means of passing the budgetary process (!rani et al. 
2002). 
In the end, the solution that countered this difficulty was a "gain-share" arrangement 
that was initially developed as a business case and then become the contractual 
arrangement around which the adoption decision was made. This gain-share 
contractual arrangement was one of the significant factors that encouraged the uptake 
of the RAMP project by the prime contractor. One implementer explained that the 
essence of the arrangement was that, "If [the] MOD says we need 100 spares, the team 
within this organization looks at the electronic STEP-based stock holding and would 
say you do not need 100, you need 10 and they would have saved the MoD 90 spares. 
So half of the cost that they saved goes back to the contractor". 
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Another interviewee who was instrumental in developing the contractual arrangement 
went on to explain that, "/do not think the project would have been accepted without 
this business case ... the MoD not only saw this as a way to get over their problems they 
saw it as a way that was reasonable for the contractor to take forward the business 
proposition". Therefore, the decision criteria used in the decision process was based on 
the economic and strategic benefits that were captured in the contractual arrangement, 
and represented business benefit and value to both the MoD and the industry prime 
contractor. In light of this, the resultant theme is: 
Theme 13: Having a contractual arrangement that captures the benefits of the 
adoption of the standard and offers a reward to all relevant stakeholders has a very 
positive impact on the adoption decision. 
This is a key factor and points to the issue of all stakeholders being able to see the 
business value of a new investment. 
6.2.5 Primary adoption decision process: Key factors and summary 
Table 6.3: Primary adoption factors 
~~ndard ~P~~-ifi~:~a,Ciors · •. ·. ·: ·, . '' :: ' ] [""'G""~n-i~"""tic'""?-:rg-a-.n"i"""~a..,.,tio-n""'~l'""'~a,.,..~c.,...to-rs.....,j 
Standardization policy (organization size and type) Attitudes towards change 
Attitudes towards standards Resource availability 
Standard characteristics Existing Infrastructure 
Drivers Support 
Network effects 
The study of the primary adoption decision process has led to the emergence of key 
themes and factors, most of which confirm existing literature. However, these factors 
have been grounded in a new context, the UK defence community. The results from the 
case studies have also shown that the factors that impact the primary adoption decision 
of standards within the MoD are made up of both factors relating specifically to the 
MoD as an organization and factors directly linked to the standard as shown in Table 
6.3. 
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In conclusion, this section has tested and verified the factors shown in the original 
adopter-centric model and offered insights into the details surrounding different factors 
within the MoD context. However, the adoption and diffusion process does not stop at 
the primary adoption decision. At some point, as was shown in the case of the RAMP 
project, a final adoption decision was made between an !PT and the prime contractor 
and this enabled the first working pilot of the RAMP project to begin. Once the 
decision has been made, secondary adoption and implementation takes place. Some of 
the issues surrounding secondary adoption are mentioned in the "output" section of the 
original model, but were not analyzed in detail. Therefore, the next section aims to give 
a more detailed analysis of secondary adoption issues that emerged from the case 
studies. 
6.3 Secondary Adoption and Organizational Diffusion Challenges 
Secondary adoption relates to the implementation process and the use of a standard 
within an organization. Although this was not the focus of the research, a significant 
number of insights were given into the challenges facing the implementation and 
uptake of the three case study standards within the MoD. These challenges were 
viewed as offering valuable insights into the factors that impact the adoption of 
standards, some of which related specifically to the standard and standards community. 
6.3.1 Secondary adoption issues surrounding the RAMP project 
All interviewees involved in the adoption and implementation of the RAMP project 
were asked to give their view on the current rate of uptake of the standard. The head of 
the RAMP project within the MoD when asked the question stated, "/do not believe 
the uptake in the Royal Navy has been as great as it could be. You're dealing with an 
organization that tends to be very traditionally based, especially the supply chain, and 
the take-up of a new technology is not the quickest and they have a need to drive down 
cost by doing a just-in-time type of supply. We are starting to do some business but it is 
not been taken up as quick as we had hoped'. Another interviewee described the rate of 
uptake as, "fair to middling'. All RAMP project interviewees in the end expressed 
some disappointment at the currant rate of uptake or diffusion of the standard within 
the organization. The main reasons for this include: 
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I. Attitude towards change 
2. Lack of knowledge and understanding 
3. Working with the STEP conceptual model 
4. Revisions of the standard 
5. Fee for purchasing the published standards 
6. Remoteness of the standards community 
1. Attitude towards change 
Resistance to change emerged in secondary adoption. In primary adoption it related to 
the managers and decision makers. In this case, it now relates to the individual end-
users of the RAMP-based software. The two main reasons for resistance at an 
individual level were, firstly, end-users not wanting to change from using proprietary 
systems they were familiar with. Secondly, some end-users were resistant to outsiders 
and consultants coming in. This was noted by one of the consultant implementers who 
explained that, "There is massive resistance to anything [consultants] do, and it is 
connected to politics ... people we should speak to run past our area so they do not talk 
to us". 
2. Lack of knowledge and understanding 
What the implementers found is that some of the end-users lacked an understanding of 
both the standard, and the benefits that would result from the use of the standard. The 
reasons for this are the perceived complexity of the standard and poor internal 
promotion of the standard. Consequently, this lack of understanding and ignorance of 
the standard and the benefits meant, as one interviewee noted, " [the project] had 
lower priority with people being assigned to work on it, so we are currently in a delay 
at the moment". Another interviewee went on to explain that there is a challenge in 
countering this understanding problem in relation to how you sell the standard and the 
benefits to people at the grass-roots level. The interviewee explained that, "It is a 
mistake to call it a standard. Do not use the word 'standards' use 'work processes'. 
The worst thing is to talk about is a standard. Cut the standards element out of the 
standard, hone in on the bit relevant to the person". This advice not to use the word 
165 
Chapter 6- Adopter Centric Data Analysis 
"standards" during promotion is based on the idea that some end-users had negative 
perceptions towards standards. This was demonstrated at the primary adoption level as 
well. 
3. Working with the STEP conceptual model 
The implementers interviewed felt that the standard was complex which hindered their 
implementation efforts. Many of them attributed this complexity to the structure of the 
STEP standard. One interviewee summarised this view by explaining that, "the concept 
of the AIM and ARM is preposterous. It is a real impediment to working with the 
standard". The AIM (Application Interpreted Model) and ARM (Application 
Reference Model) are parts of the STEP data model structure, which is explained in 
full in Appendix A-2. 
4. Revisions of the standard 
In addition to the issues surrounding the STEP data model structure, two implementers 
found that some revisions of the standard had a negative impact on the implementation 
process. The implementers found that some of these newer versions at times lacked 
backward compatibility with earlier versions of the standard. This caused a certain 
amount of rework to be done, causing delays in the development of software required 
to use the standard within the RAMP project, as was discussed in Section 5.3.4. 
5. Fee for purchasing published standards 
The cost of the standard was an issue that was raised in relation to the fee that had to be 
paid to access the standard. Although some interviewees believed that the fees relating 
to the standard were minimal relative to the project costs, other implementers disagreed 
with this view. They argued that having to justifY the cost of purchasing a copy of the 
standard was not always easy on a day-to-day basis when dealing with managers who 
could not necessarily see the need for the extra cost. However, eventually the company 
purchased a membership subscription, which enabled the standard to be easily 
accessed, and solved the problem. 
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6. Remoteness of the standards community 
Two implementers who were interviewed expressed that they felt the standards 
community was very remote, resulting in a sense of isolation and a lack of a support 
network. One of the implementers stated, "The only real mechanism for engaging with 
the ISO community is to attend their thrice-yearly meetings", and went on to explain 
that, "When we went to a STEP meeting in Bordeaux and set up a stand showing that 
we were using the standard, we thought we would have lots of people flocking round, 
we could not get a person to stop and look at it, they were too busy going to the next 
meeting". The implementers went on to state that, "There is no community out there 
that people can turn to and have user group meetings and swap ideas around and get 
suggestions, it can be pretty lonely." In their view, "Developers do not do anything for 
the standard except propagate it and do not support it". Another implementer who had 
more input and engagement with developers agreed that, "One barrier is the 
remoteness of the standards community, the complete lack of anybody to support the 
implementation process which clearly you would get if you pay for a proprietary 
system. So it is the underlying marketing and support that you would expect to receive 
for starting on any of these processes which is transparently absent when you adopt a 
standard". 
These factors are the key issues impacting the secondary adoption and rate of uptake of 
the RAMP project within the MoD. A summary of the key points is shown in Table 6.4 
and linked to the diffusion of innovation (DO!) theories surrounding the standards 
secondary adoption. In spite of these challenges, work continues on the RAMP project. 
The first phase is now complete and tangible benefits have been realised. One report 
states that to date £60,000 of stock reduction has been realised (Dobson 2005). With 
these kinds of results, one of the key stakeholders expressed a belief that if this pilot 
project is completed and successful, then other IPTs within the MoD could become 
interested, which would cause the standard to diffuse through the organization. This is 
in agreement with a secondary adoption strategy described by Gallivan (2001) as the 
advocacy strategy, where an organization targets specific pilot projects within the firm 
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and the outcomes are observed and used to determine continued adoption of the 
innovation. 
Table 6.4: The RAMP project secondary adoption challenges 
Issue, · 
Attitudes toward 
change 
' { 
·Cultural values; - Familiarity with proprietary systems 
-Reluctance to work with consultants 
: Lack ofkflowledge -; ' CompleJdty . - Perceptions about the complexitY of the .. 
- and understanding standard 
! : - Poor internal promotion 
. STEP conceptual,. . Complexity Comph:xit.\' of the AIM and ARM structure of 
'model STEP data structure made implementation 
difficult 
Revisions of the 
_standard 
-Compatibility Not all revisions of the standard were compatible 
Fee for purchasing Cost The fees required to access the standard 
· the standard hampered some implementers 
Remoteness of the Support ',Lack of support from STEP community to deal 
. standards infrastructure with implementation challenges 
community 
6.3.2 Secondary adoption issues surrounding Def Stan 00-60 
All interviewees involved in Def Stan 00-60 described the rate of uptake of the 
standard as good and widespread amongst MoD programmes, mainly because the 
standard is mandated. However one of the interviewees went on to point out there is a 
tendency for the standard to not be productively or effectively implemented. One MoD 
official ascertained that, "None of the contractors have taken Def Stan 00-60 the way 
Def Stan 00-60 is intended to be used, and that is one of the biggest failings we have 
had on the whole process". Another interviewee, who previously worked within 
contractor companies, explained this problem by describing how the use of Def Stan 
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00-60 is often seen as a "tick box exercise" by some contractors, and this was 
elaborated further by one interviewee's comment that, "From my experience, I have 
found that industry has quite a lot of problems with the way Def Stan 00-60 is 
mandated, but industry knows they have to give all the right messages to the 
customer''. Some of the issues industry has with the standard are: 
1. Complexity 
A number of interviewees commented on the complexity of the standard. One even 
stated that, "[DefStan 00-60} is the most complex standard the MoD has. It has lots of 
bits [part] ... The database is extremely complex and has lots of business rules around 
its construction". Another interviewee explained that, "Yes, [Def Stan 00-60] was 
needed. It is just the deployment and complexity of [Def Stan 00-60] that should have 
been addressed. [DefStan 00-60} is just far too complex". 
2. Cost of implementation 
The issue of cost of implementation was often raised as an issue in the uptake of the 
standard. A former employee of a major prime contractor that used Def Stan 00-60 on a 
major defence equipment project found that approximately 8.5% of project costs were 
associated with implementing Def Stan 00-60. According to the interviewee the main 
source of this cost was tied to the complexity of the standard, which lead to unexpected 
learning costs from what he described as the "huge learning curve associated with 
deployment". Another key issue relating to cost was the training. One interviewee 
describing his experience stated, "Once we actually understood what it was about, to 
actually get these people up to speed [trained] to input into a database was massively 
expensive". 
3. Understanding the value 
Another challenge is that industry deal with is the MoD actually understating the value 
that Def Stan 00-60 would bring. As one interviewee put it, "Industry does not see the 
benefit of Def Stan 00-60 because they find it too prescriptive". The interviewee went 
on to explain that, "I think the way [Def Stan 00-60] is written, makes it almost 
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impossible to convince people that this it is worth implementing, and I do not think any 
organization will pick [Def Stan 00-60} up and implement it, and maybe this is the 
proof of the pudding. !fit was not mandated would [industry] still say this is what we 
need to do?". What the MoD employee believed was that unless industry can see the 
true value of the standard, in his words, "you are going to get short changed when you 
try and convince people". 
4. Tailoring of the standard 
This was another key issue that was raised. As one consultant put it, "/think the only 
resistance was in that it was not tailored sufficiently. If you take the Astute program, 
the requirements for De/ Stan 00-60 have not been tailored at all, and it is going to 
cost Industry a fortune, and it will lead to cost overruns and programme overruns". 
Despite these challenges, uptake is good but there are still issues relating to the 
efficient implementation and the benefits of the standard. This is best exemplified in a 
note made by one senior consultant that, "I am not aware of a formal business case 
validating the business benefit achieved through Def Stan 00-60 ever having been 
generated, and that is really a serious issue. We made an offer going back three to four 
years to do that, but as far as the MoD are concerned they have made the investment in 
developing the standard. Validating that decision or potentially undermining that 
decision - there is no real merit in it for them". However, all agree that the basic 
concepts that Def Stan 00-60 represents and what it provides in terms of Integrated 
Logistic Support is important. New developments are underway to replace Def Stan 
00-60 and this is discussed in Section 9.5.2. 
6.3.3 Secondary adoption issues surrounding the NATO Codification System 
Similar to Def Stan 00-60, the rate of uptake of the NCS was generally described as 
good. All those interviewed agreed that because it is mandated within the MoD the 
uptake is good but not as good as they would like. There were six reasons suggested for 
this and these are: 
I. Marketing of the standard 
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2. Individual attitudes towards standards 
3. Resistance by some IPT' s 
4. Dummy stock numbers 
5. Integration of the data handling systems 
6. Resistance from industry 
1. Marketing of the standard 
A senior member of the Codification team explained that, "Marketing ourselves is a 
challenge. Explaining what we offer and the benefits that accrue from it, from my point 
of view we can do better [at marketing]. We still get phone calls from some IPTs that 
still do not know anything about Codification and how to get in contact with us, and 
that surprises me". 
2. Individual attitude towards standards 
Another challenge relates to people's perceptions and views of the standard. The 
common perceptions were: 
o It is expensive to implement. 
o The use of a standard would add time to the overall project. 
Most of the codifiers agreed that some end-users had these views because of 
misinformation and argued that none of these perceptions are valid when you have the 
appropriate technical data, because with the right data codifying does not take that 
long. 
3. Resistance by some IPTs 
One of the senior managers at the UKNCB explained that a recently commissioned 
study showed that most IPTs use Codification. However, there was still some 
resistance from IPTs, and the main reasons for this were: 
o Reluctance to bear the cost of codifying legacy equipment that was previously not 
codified. 
o Misunderstanding about how long it should take, how much it costs and who pays 
for it. 
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o Lack of understanding of what the benefits are. As one interviewee explained, "It 
comes back to if there was one sheet of paper that said this is what Codification 
delivers with good benefit to you, here is why you should use it, they would be 
tearing our arm off, but its difficult to define those kind of details in hard cash 
terms. Therefore, it makes it much more difficult to sell to people." 
o The desire by some IPTs for an item number that is unique to the !PT for their 
specific material so they can manage it in its entirety. This is not what the 
Codification system is designed for. This point was further explained by another 
interviewee who noted that, "Part of the difficulty we have had in the DLO [UK 
MoD Defence Logistics Organization] is getting people to embrace the concept of 
a single inventory. If you have jive projects that use the same item then there 
should be one manager for the item and he will be embedded in one of the projects 
and act as the lead and the other four projects will feed off his data and his 
purchasing. However, you do get this business where projects want to own their 
own destiny. If my weapon system is not going to work because that guy over there 
has not bought enough spares, I will get the blame so I need to manage the spare 
myself and that mentality starts to deliver high stock piles again". Consequently, 
some IPTs prefer not to use the system. 
4. Dummy stock numbers 
There are problems that have emerged due to imperfect implementations, especially 
when some employees within an !PT might allocate a dummy stock number. This is 
where an individual will create a stock number that is similar to a NATO Stock 
Number (NSN) and just allocates a reference to it. This creates all sorts of problems· 
because it gets confused with genuine NSNs, and results in double stocking if the item 
already exists in the stores. In addition, either party could end up ordering the wrong 
item if the same number already exists for another item of supply. 
5. Integration of the data handling systems 
Each of the three services areas has a main data handling system that feeds back to the 
master catalogue system known as the Item of Supply Information System (ISIS), 
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which stores all the NSNs used in the UK armed services However, as one interviewee 
explained, "W have got three systems, the RAF, the Army and the Navy system, and 
they are all separate ... However, different projects commit to buy things that remain in 
their bespoke system and they do not come back to update ISIS. So the services can 
create their own records and NSN, but we are now building processes where they 
cannot do that, through The Cleansing Project [a UK MoD Defence Logistics 
Organization project]". 
6. Resistance from industry partners 
There is also occasional resistance from MoD industry partners. Although on the 
whole, as one MoD interviewee put it, "For industry, as long as [Def Stan 00-60} is 
contracted they are happy to do as they are told. If you sign a contract with the MoD, it 
is a cash cow. If we ask for the data, they will give us it". Nevertheless, there were two 
areas of slight resistance from industry. Firstly, there is reluctance by some contractors 
to have their competitors know how much they are charging the MoD for equipment. 
The second issue relates to the desire by some industry partners to be able to sell the 
same spare to the MoD under two different descriptions. One interviewee estimated 
that having a single stockpile could hurt some suppliers' sales by up to 30%. 
These challenges have impacted the secondary adoption and rate of uptake of the NCS. 
Nonetheless, the general uptake of the NCS within the UK MoD is good, and the UK 
National Codification Bureau has commissioned the next phase of a codification 
engine, which can generate codified output direct from a STEP file. This initiative is 
called Smart Codification and is covered in more detail in Chapter Nine. On a more 
general level regarding the adoption of NCS one of the interviewees pointed out that, 
"One of the challenges in recent years with Codification is raising the capability of the 
newly emerging nations from Eastern Europe who have all been embraced... those 
nations have all wanted to embrace the Codification system because of the benefits it 
will deliver in managing their inventory. But that then provided what is a substantial 
training burden on the rest of the NATO nations to bring them up to speed'. 
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6.3.4 Secondary adoption key factors 
The details of the three case studies give insight into some of the issue surrounding 
secondary adoption of standards within the MoD. The main factors are discussed in 
this section using the key secondary adoption factors identified by Gallivan (200 I) as a 
classification of the issues that have emerged. The three main issues that impact 
secondary adoption, according to Gallivan (200 I), are: 
I. Managerial intervention 
2. Facilitating conditions 
3. Subjective norms 
The issues that have emerged in this research relate to managerial intervention and 
facilitating conditions. Subjective norms describe individuals' beliefs about the 
expectations others have regarding their own secondary adoption behaviour, and were 
therefore beyond the scope of this research. The remainder of this section discusses the 
two other factors. 
1. Managerial Intervention. 
Managerial intervention describes the actions taken and resources made available by 
managers to expedite secondary adoption, including mandating usage (Gallivan 2001). 
Out of the three standards considered, both Def Stan 00-60 and the NCS are mandated. 
On the other hand, AP224 according to MoD policy is the 'preferred choice' of the 
MoD. Interestingly, however, the fact that the standard was the 'preferred choice' is 
slightly different to what the literature suggests in terms of standards being either 
mandatory or voluntary (Weston and Whiddett 1999). The term 'preferred choice' does 
not fit in either description, industry is not mandated to use the standard, but there is a 
policy regarding STEP. Nonetheless, if an !PT organization can justify with a business 
case why using the standard is more costly than not using it, then they are not bound to 
use the standard. This results in confusion about use of the standard, which takes away 
from the incentive and benefits of everyone using the same standard. 
Similar issues were raised with the uptake of Def Stan 00-60 and the NCS. 
Interviewees expressed concern that even though the standards are mandated, there is 
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still a way to opt out of the use of the standards if a strong enough case is given by a 
project. What this has shown is that the perception in most literature that standards are 
either mandated or voluntary, is not a complete picture. There are situations, as shown 
in the MoD case study, where there is a grey area that can cause conflict and counter 
the benefits of standardization. Consequently, there are efforts underway to make 
STEP mandatory across the MoD. However, in relation to managerial intervention, the 
main theme is: 
Theme 14: The term 'preferred choice' leaves room for piecemeal secondary 
adoption, which has a negative impact on the effective secondary adoption of 
standards. 
2. Facilitating factors 
According to Gallivan (2001), facilitating conditions are made up of a number of sub-
factors, which are: 
i. Individual attributes 
ii. Innovation attributes 
iii. Organization I Department attributes 
Issues surrounding each of these sub-factors emerged during analysis of the research 
data, and in addition to these three sub-factors and additional factor was added, 
namely: 
iv. Standards community attributes 
This additional factor emerged during data analysis. 
i. Individual attributes 
The individual attributes relate mainly to an individual's attitude towards change and 
towards the standards, and how these impact their willingness to adopt the standards. 
These issues emerged both at the primary adoption decision level and at the secondary 
adoption level, and confirm findings by Venkatesh et al. (2003) who, in their in-depth 
analysis of the eight main models of user acceptance of IT, discovered four core 
determinants of intention and usage, which are: performance expectancy; effort 
expectancy; social influence and facilitating conditions that relate to the degree to 
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which an individual believes that an organizations technical infrastructure exists to 
support use of the system. These four factors are moderated by the age, gender, 
experience and the 'voluntariness of use' of the individual (Venkatesh et al. 2003). The 
resulting theme is therefore: 
Theme 15: Attitudes of an individual in relation to change and towards the standards 
and the willingness of an individual to use the system have an impact on the 
effectiveness of secondary adoption. 
Some of the attitudes that the interviewees believed were prevalent among different 
stakeholders were: 
o Standards are complex 
o Standards restrict the way work is done 
A number of interviews went on to state that the wording used to describe standards, 
including the word 'standard' itself or ISO were some of the causes of the negative 
attitudes towards the standards. One final point was made with regards to the fact that 
these attitudes vary among different managerial role. These assertions are tested in 
Section 9.3.3. 
ii. Innovation attributes 
The main innovation attributes relate directly to Rogers' (2003) DOl theory of 
innovation characteristics. The main characteristic that emerged was complexity, which 
was evident in both Def Stan 00-60 and the RAMP project. The complexity of the 
standards had a negative knock-on effect on the cost of implementation and on 
understanding and learning costs. Some of the issues of complexity were as a result of 
end-user perceptions, the size and rules surrounding the standard, as was the case with 
Def Stan 00-60, and the conceptual idea of the model in the case of AP224. The 
problems surrounding working with the conceptual structure of STEP confirm findings 
by Edgyedi and Dahanayake (2003) that the conceptual idea behind a standard can 
impact the implementation of a standard. The RAMP project also highlighted another 
of Rogers' characteristics; in this case it was compatibility between subsequent 
revisions of the standard. These compatibility concerns point to issues within the 
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standards development community that relate to managing revisions of a standard, and 
is discussed in Section 5.3.4. The key theme is therefore: 
Theme 16: The complexity and compatibility of a standard has an impact on the 
effective secondary adoption of the standard. 
A final challenge with regard to innovation attributes relates to the fees required to 
access the ISO data-exchange standards. There is an ongoing debate with regards to the 
fees associated with the purchase of completed standards. The implementers 
interviewed believed that having freely available standards would make life easier for 
them and result in increased interest and use of the standard in general. In the end a 
licence was purchased which dealt with the issue surrounding the fee in this specific 
case, therefore the theme is: 
Theme 17: Ensuring that an organization's standards licence is made available to all 
stakeholders involved in the implementation of a standard, makes secondary 
adoption more effective. 
A number of commentators agreed that providing standards documents at no charge 
expands the dissemination of the document (Krechmer 1998, Swann 2000). Oksala et 
al. (1996) take this view one step further and declare that, "standards whose 
dissemination are controlled for the purposes or garnering additional revenue sow the 
seeds of their own demise". However, Krechmer (1998) contests this extreme view and 
explains that there are only a few market segments where free completed standards will 
create a significant change in the number of standards stakeholders. In addition, 
Krechmer explains that accredited standards bodies like the ISO often use document 
charges to avoid increasing members' dues. Therefore, this raises the issue of 
innovative pricing schemes for standards (Swann 2000). One proposal put forward by 
Krechmer (1998) is to provide committee work-in-progress documents at no charge to 
increase the number of stakeholders, and for standards bodies like ISO to continue to 
sell completed standards to minimize any impact on their existing economic model. 
iii. Organizational attributes 
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This related to organizational attributes of both the IPTs and industry and what was 
seen was that at different points they impacted secondary adoption. Most of the issues 
were covered in the primary adoption under the organizational characteristics section. 
However, a key feature that emerged from the NCS case was the unwillingness for 
some IPTs to engage in the use of the standard due their narrowed view on their own 
projects' costs and benefits instead oflooking at the benefits the use of the NCS would 
bring to the whole organization. Therefore the theme that emerged was: 
Theme 18: When departments in an organization did not perceive the 
implementation of a standard as a means of offering them direct benefits, there was 
a reluctance to adopt the standard. 
This confirms findings by Weitzel (2003) who explained that independent business 
units perceive no incentive to invest in compatibility when the benefits from 
standardization are accredited to the "entire" firm or any other entity different from the 
investing unit. This shows the importance of support and internal promotion and 
marketing within the organization. 
iv. Standards community attributes 
This is a factor that has been added specifically as a result of the RAMP project case. 
In the case study, some implementers expressed concern at a lack of a support 
infrastructure surrounding the implementation of AP224. The issues surrounding the 
support infrastructure had to do with communication and implementer relationships 
with the development community. There appears to be a disconnect between the two 
communities in this case and a need for better communication channels, which are a 
key element for successful diffusion of an innovation (Rogers 2003; Hovav et al. 
2003). Available communication channels can also facilitate accessibility to 
information by organizations regarding a new standard (Nilakanta and Scamell 1990). 
Therefore, the final theme is: 
Theme 19: The communication between the standards community and implementers 
is vital to ensure successful implementation of a standard in order to facilitate 
secondary adoption. 
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This theme mirrors the findings presented in the innovation-centric Theme 14 in 
Section 5.4.1, which states that, 'Poor communication channels among developers, 
existing adapters and potential adapters have negatively impacted the adoption of the 
standards'. These two themes indicate the importance of effective and clear 
communication between the stakeholders involved in the development, use and 
implementation of these standards. Steps need to be taken to deal with these 
communication issues and some recommendations relating to this are presented in 
Section 10.3.1. 
6.3.5 Summary 
This section has looked at the secondary adoption factors that impact the adoption and 
diffusion of a standard within an organization. The section began by assessing the key 
factors associated with each of the three case study standards. These individual factors 
were categorised into two main secondary adoption factors, managerial intervention 
and facilitating conditions. Further work can be done into the factors that impact the 
secondary adoption of data-exchange standards. 
6.4 Conclusions 
This chapter has shown the factors and barriers critical to the adoption of standards 
within the MoD. One of the standards chosen for investigation was a data-exchange 
standard to stay in keeping with the overall aim of the research. However, in order to 
limit bias, an additional focus was given to the adoption of the NCS and Def Stan 00-
60, a regional and a national defence standard, respectively. The original focus was to 
look at primary adoption; nonetheless some significant insights also emerged from 
looking at secondary adoption. The original model has been revised to include the 
details of the factors that emerged from the case studies and is shown in Figure 6.3. 
What has emerged is that most of the findings have confirmed existing literature. 
Therefore, one of the main contributions of this work is that the issues surrounding 
standards adoption within an organization have been grounded in a different context, 
namely the UK MoD. Nonetheless, there have been some factors where new insights 
179 
Chapter 6 -Adopter Centric Data Analysis 
have been given. For example, in terms of user attitudes towards standardization, 
Sections 6.l.l and 6.3.4, the findings provide an opportunity to verify if the attitudes 
are valid in a wider population. In summary, the main novel contributions of this 
section of the research are: 
i. Grounding of the issues surrounding primary standards adoption in a new context, 
the UK MoD. This is important to the MoD, because the recently published 
Defence Industrial Initiative states that, "To remain at the leading edge of military 
capability will, therefore, increasingly require effective exploitation of 
commercially-driven ICT... This requires the use of novel approaches, for 
example: activity at the Government level to make the market attractive; 
commitment to COTS [Commercial off-the-shelf], common standards and open 
architectures wherever possible." (MoD 2005b). 
ii. Grounding of some of the issues surrounding secondary standards adoption within 
an organization in a new context, the UK MoD. Not all secondary adoption issues 
have been covered due to limited time and resource and the original scope being 
limited to primary adoption. Nonetheless, the importance of the standards 
community during secondary adoption emerged; there are clear opportunities for 
further research. 
iii. Development of a standards adoption model that considers both primary and 
secondary adoption factors. 
iv. The development of a list of themes that can be used by managers and practitioners 
as a frame of reference to support the data-exchange standards adoption and 
diffusion process within the MoD. These themes are summarised in Table 6.5. 
These contributions attest to the importance and necessity of this research to the 
standards development community, the MoD and the standard adoption research 
community. The next chapter chronicles the development of the innovation and adopter 
centric 'Adoption Checklists'. The checklists are based on the finalised innovation-
centric and adopter-centric models developed in Chapter Five and Six respectively. 
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Table 6.5: Adopter-centric themes 
~ ' 
•. 
Theme~· 
Pfimarv adOPtion thfrhes 
Theme 1: Due to the MoD's size and position in the defence supply chain, the use of standards is a vital for 
effective running of its business. Consequently, the MoD has developed policies on standardization that have a 
positive impact on the decision to adopt standards within the organization. 
Theme 2: Having clear economic and operational drivers behind the use of the standard has a positive impact 
on the adoption decision process. This is particularly true where there are internal and external drivers behind 
the adoption of the standard. 
Theme 3: The adoption decision was negatively impacted by a resistance to change demonstrated by key 
decision makers. The main causes of resistance were traditional ways of working, switching costs and loss of 
power and control. 
Theme 4: Some decision makers have negative attitudes and perceptions towards standards in general and ISO 
standards in partic~lar and this has a negative impact on the adoption decision process. 
Thenie 5: Some stakeholder~i'have investments in technology and software that would be lost with the 
·, introduction of the standard, resulting in additional switching costs. This had a negative impact on the adoption 
· decision process. 
Theme 6: Restructuring initiatives and frequent redistribution of employees within the MoD results in a lack of 
'continuity of fmancial and human resources, which has a negative impact on the adoption decision process. 
Theme 7: Champions and change agents are vital in keeping the adoption decision process moving forward and 
have a positive impact on the fmal decision. 
Theme 8: Characteristics relating to the complexity, relative advantage and compatibility of the standard have a 
positive impact on the adoption decision process. 
Theme 9: Current adoption and use of the standard within the US defence community has a positive impact on 
the adoption decision within the UK. 
Theme 10: The use of pilots and demonstration for promotion and awareness of the standard has a positive 
impact on the adoption decision process. 
Theme 11: The involvement of consultants, who provide expert advice and services, has a positive impact on 
the adoption decision process. 
Theme 12: Determining the business case for the project was a difficult exercise and will initially have a 
negative impact on the adoption decision process. 
Theme 13: Having a contractual arrangement that captures the benefits of the adoption of the standard and 
offers a reward to all relevant stakeholders has a very positive impact on the adoption decision. 
· Secondary adoption themes 
Theme 14: The term 'preferred choice' leaves room for piecemeal secondary adoption, which has a negative · 
impact on the effective secondary adoption of standards. 
Theme 15: Attitudes of an individual in relation to change and towards the standards and the willingness of an 
individual to use the system have an impact on the effectiveness of secondary adoption. 
Theme 16: The complexity and compatibility of a standard has an impact on the effective secondary adoption 
of the standard. 
Theme 17: Ensuring that an organization's standards licence is made available to all stakeholders involved in 
the implementation of a standard, makes secondary adoption more effective. 
Theme 18: When departments in an organization did not perceive the implementation of a standard as a means 
of offering them direct benefits, there was a reluctance to adopt the standard. 
Theme 19: The communication between the standards community and implementers is vital to ensure 
successful implementation of a standard in order to facilitate secondary adoption. 
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CHAPTER7 
INNOVATION- AND ADOPTER-CENTRIC 
'ADOPTION CHECKLISTS' 
Chapter Preface 
This chapter builds on the findings of Chapter Five and Six. The innovation-centric and 
adopter-centric models developed in these chapters are used to create two novel 'Adoption 
Checklists'. The checklists are a series of questions that can be used to assess the adoptability 
of a data-exchange standard. The checklists have been developed so that positive answers to 
the series of questions indicate that a standard is more likely to be adopted. Therefore, the aim 
of this chapter is to chronicle the development of the checklists, which are based on the factors 
that have been identified as critical for the adoption and diffusion of data-exchange standards. 
7.1 Introduction 
Data-exchange standards adoption research is important to both the SC4 community 
and the IT standards research community. Chapter Five and Six presented case studies 
of four standards to assess the factors and barriers critical to the adoption of standards. 
Two models were developed and these models sought to shed light on the relationships 
between factors and barriers critical to the adoption of data-exchange standards. 
However, as part of this research the author deemed it important to develop two novel 
standards 'Adoption Checklists' from both an innovation- and adopter-centric point of 
view. The purpose of these checklists is to act as a frame of reference to support the 
decision-making process in the development and adoption of new and emerging data-
exchange standards. The checklists are a series of questions that can be used to assess 
the adoptability of a data-exchange standard. The checklists have been developed so 
that positive answers to the series of questions indicate that a standard is more likely to 
be adopted. In addition, these checklists act as a foundation for the action research into 
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the adoption of PLCS, which is detailed in Chapters Eight and Nine. This chapter 
begins by chronicling the development ofthe innovation-centric 'Adoption Checklist'. 
Following on from that is the development of the adopter-centric 'Adoption Checklist.' 
The final section summaries and concludes this chapter. 
7.2 Innovation-centric 'Adoption Checklist' 
In the innovation-centric approach, the unit of analysis was the data-exchange standard. 
Figure 7.1 is a top-level diagram of the main characteristics that directly impact the 
adoption of the two data-exchange standards studied in Chapter Five. 
End-user Software vendor Standard Adopting involvement in involvement in Characteristics community standards process standards process lnnovativeness 
~ 
Initiators of Brand 
development Adoption and Diffusion Identlfkation 
and!PR 
Related 
Communication implementation Marketing Completeness of entire Channels technologies standard 
Figure 7.1: High level view of innovation-centric factors 
Figure 5.6, in Chapter Five outlined four main categories that contain the factors that 
impact the adoption and diffusion of data-exchange standards. These four categories 
are: Conception, Standards Process, Standard Specifications, and Adoption 
conduciveness. The eleven factors displayed in Figure 7.1 fall into these four categories 
as follows: 
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o Conception: Initiators of development. 
o Standards process: End-user involvement and software vendor involvement. 
o Standards specifications: Standards DOl characteristics, completeness of the 
entire standard, brand identification and IPR. 
o Adoption conduciveness: Adopting community innovativeness, 
communication channels, marketing, and related implementation technologies. 
The categories represent the sections that will be used to develop the questions that will 
be part of the innovation-centric 'Adoption Checklist'. Apart from the conception 
category, the questions in the checklist are based only on the factors that directly 
impact the adoption of a standard, shown in Figure 7 .I, and the factors that directly 
influence the factors shown in Figure 7.1. 
7.2.1 Conception 
The three factors under the conception category are drivers behind development, 
initiators of development and the conceptual idea and scope of the standard. The 
drivers behind the development of a standard did not directly impact the adoption of 
the standard, but as was pointed out in Chapter Five, these drivers are the trigger 
behind the standardization process and what emerged is that it is important that there 
are economic drivers behind the development of a standard. Therefore, the first 
question is: 
I. Are there economic drivers behind the development of the standard? 
The initiator of development of a standard directly impacted the adoption of a standard 
on two levels. Firstly, the likelihood of adoption is greatly increased in end-users and 
software vendors are involved in the initiation of the standard. The results in Chapter 
Five also indicate that the initiators of the development of a standard can have an 
indirect impact on the adoption of a standard, when the head of a supply chain initiates 
development of a standard. This is due to the fact that end-users further down the 
supply chain and software vendors make an effort to join the standards development 
process in order to keep in step with the activities of these large organizations at the 
head of the supply chain. Therefore the next three questions are: 
2. Were end-users among the initiators of the development of the standard? 
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3. Were software vendors among the initiators of the development of the 
standard? 
4. Were any organizations at the head of a supply chain among the initiators 
of the standard? 
The final factor under the conception category looked at the impact the conceptual idea 
and scope of a standard has on the adoption of a standard. What emerged was that 
although this factor does not directly impact adoption, standards that cover a wide 
domain area tend to be more complex. This complexity has a negative impact on the 
adoption of a standard. Therefore the final question in the 'conception' category is: 
5. Is the scope of the standard targeted at one industry sector? 
7.2.2 Standards process 
The first factor that directly impacts the adoption of a standard in the standards process 
category is end-user involvement in the development process. The innovation-centric 
model indicated that having end-users involved in the development process meant the 
end-users believed they were getting a standard that met their requirements, which had 
a direct positive impact on the end-users subsequently adopting the standard. The 
resulting question is therefore: 
6. Were end-users involved in the development of the standard? 
The second factor relating to the standards process was software vendor involvement in 
the development process. Software vendors were described as critical for adoption to 
take place because of the contributions they make during the development stages, and 
in the development of tools that end-users can use. The resulting questions are 
therefore: 
7. Were software vendors involved in the development of the standard? 
8. Have software applications, which are based on the standard and support 
end-user business processes, been developed? 
From the finalised model presented in Figure 5.6 the two main factors that impacted 
end-user and software vendor involvement in the development process were the 
initiators of development and the development timescales. Questions relating to 
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initiators of development are covered in Section 7.3.1. Therefore the final question in 
the standards process category looks at the indirect impact of development timescales 
on the adoption of a standard: 
9. Was the standard developed in the originally projected timescales? If not, 
how long was the overrun? 
7.2.3 Standard specifications 
The first set of factors that relates to standard specifications is Rogers' (2003) DOl 
theory characteristics. Table 7.1 below presents the five characteristics and the main 
factors that impact these characteristics 
Table 7.1: Factors that impacted the DOl theory characteristics 
[(::ha~actedslic:: ':'III11flue?cingf11~~~rs : ·· · \ ;!, : ··· ·.•·. •I 
· Complexity · Conceptual idea and scope, balance and 
diversity of development team 
· Relative advantage Development timescale 
· Compatibility Revisions 
Trialability · 
ObservabilitY 
Pilots, demonstrations, workshops 
• · Verified btmefi1:s 
Taking these influencing factors in consideration, the resulting six questions are: 
I 0. Was there a balance between academic- and business-orientated 
individuals in the development team? If not, is the business side sufficiently 
represented? 
11. Is there a positive perception relating to whether the standard is complex or 
not? 
12. Is the standard unique in the capability it offers? 
13. Are the current editions of the published standard compatible with previous 
editions? 
14. Have there been any pilots, demonstrations or workshops during the 
development of the standard? 
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15. Have the benefits of the standard been verified in a cost-benefit analysis, 
Return on Investment analysis or success stories? If so, are they publicly 
available? 
The final three factors surrounding the standard specifications category that directly 
impact the adoption of a standard are completeness of the entire standard, brand 
identification and IPR. These factors are not directly influenced by any other factors. 
Nonetheless, they are the basis of the following four questions: 
16. Have all remaining parts of the standard that directly impact the 
implementation of the standard been finalised or developed? If not, what 
remains to be specified? 
17. Was the standard developed by a recognised traditional standards 
development organization? If so, please specifY. 
18. Was the standard developed by a consortium? If so, please specifY. 
19. Are all parts of the standard available in the public domain? 
7.2.4 Adoption conduciveness 
Adoption conduciveness covers a number of different factors. The first factor is the 
innovativeness of the adopting community. The results from the two case studies 
showed that this factor is generally impacted by the size, type and culture of an 
organization. An objective measurement of the culture factor is difficult to assess from 
an innovation-centric perspective, and is best assessed when analyzing a specific 
organization. Therefore, culture factor is addressed in the adopter-centric checklist. 
Nonetheless, the size and type factors are relevant to this section, and are expressed in 
the following three questions: 
20. Are large multinational organizations part of the targeted adopting 
community? 
21. Are SMEs (organizations between 50 to 250 employees) part of the targeted 
adopting community? 
22. Are organizations from within any of the following industries part of the 
targeted adopting community: defence, oil and gas, energy, automotive? 
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The next relevant factor concerns communication channels, which were described as 
important and key to adoption. A communication channel is defined as a means by 
which a message gets from one individual to another (Rogers 2003). In the case of 
standards development, the stakeholders include end-users, developers, software 
vendors and implementers. So this factor assessed whether there are communication 
channels between the various stakeholder groups. Closely related to the communication 
channels is another factor, marketing. This factor looks at how the standard is marketed 
and promoted amongst the different stakeholder groups. Based on these two factors, 
three further questions emerged: 
23. Does the standard have an implementer's forum that allows implementers 
to discuss their challenges and successes? 
24. Is there a marketing strategy for the standard? If so, who manages it? 
25. Does the standard have a website or other form of central outlet that 
enables potential adapters (end-users) or sojiware vendors to find 
information about the standard and current developments? 
The final main factor in adoption conduciveness is the related implementation 
technologies, which the interviewees in the original case study described as very 
important. Their main argument was that a key issue surrounding the adoption of these 
standards is their link to mainstream technologies. Therefore a final question is: 
26. Is the standard implemented using current mainstream technologies, such 
as XML, UML, or OWL? 
7.2.5 Finalised innovation-centric 'Adoption Checklist' 
The questions developed around the main factors were collected and tabled using the 
four categories identified in the innovation-centric model. The finalised checklist is 
presented in Table 7.2. The table indicates the questions in relation to the four main 
categories identified in the model. The number of positive answers determines the 
adoptability of a standard. The more 'Yes' responses the greater the likelihood of 
adoption. 
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Table 7.2: Innovation-centric 'Adoption Checklist' 
··1 ':·Are theie economic driverS behind ilie development of the standard? 
~2 .... Were end~Usets arilOrig-thcdilitiiitOfS Of the develcipmellt of the Stand8rd? 
:··3" --,... were softWare VeridOis among the fii{tiatOrs·Orthe de.Ve!O.Piiient"Ofthe Standai-d? • 
·· 4' Were 8ny'hea0s_ Of an induStry suppt)r chairi 8ri10rig thii iri'itliltOrs Ofihe staiidaid?'n. 
s IS the sCope of the· staild3rd 'iruSeted ·at One ii"'ICfUstiy sectOr? 
fSjjjijgiir~oc;ss ~~~'--- • 4 A••::: : : "] 
6 · Were end·users involved iri the deVelOpment of the staridard? · · -~ -J 
7 . Were software vendors involved in the development of the stafldard? (<--~~->:.:a 
· 8 · , H8ve softWare apPlicatiOnS; whicli are· based on the standard arlO sUpport eild-USer buSiness processes. been r:1 
developed? Ld 
9 . was the stand-ard developed in the originally projected time.scah!s? IrDot, hoW lOng w&s the overrun? ....... _ f _ J 
[stan~~Sif'Wflcalions -~ ... -~...-"·~·-"--•-'-'-'-'------,-~-"-· .·.] 
10 Was there a bSlanCe between acaderriic-' and business..orieritated individuals in tliC develoPment team? 
11 
12 
If not, Is the business side sufficiently represented? YIN 
Is there a perception that the standard iS not complex? · 
Is the standard Unique in the capabilitY it offers? 
13 Are the current editions of the published standard compatibie With previouS editiOOs? 
l~f : : Have there helm any pilots, demonStiiltiOnS Or WorkSiiOPS 'd'W:Ing·the 'cte'velOi>irien(ofthe st3Tidard?' 
. 15. Have ·the benefitS' Orihe'Sciitdard beeri-ventled irii COst-beil-eflt analYSiS; rCtuin~on~fnve·stment analYsis oi 
success stories? If so, are they publicly available? Y/N 
[ ] 
_:=t::=:l 
. • !:::::1 ::::::::::::!1 
16 HaVe all fenia.inirlg p8rtS of the sta"Ttdilrd tha't diii:ctly'impact ihO implerrientation of the stilndai-d been finalised 
D 
D , or developed? If not, what remains to be finalised? ................... . 
·- 11· ·-·was the starldaTd-·developed-by a ·recoSniSed iraditioiiafsiandRrds developmenforganization? uso: 'Please.· 
specify ............................ . 
18 · Was the standilrd deVeloped by a consortium? If so, please specify ......................... .. 
19 Are all parts of the standard available in the public domain? 
rn':f;.a.FQO;!ofl!lo2!ni1C~oni!J~,;;,ciliv;!e~n~esijs[·""':· ;'--'"'·~.~:-'~. ~··~.~<.~~· :.,:~-'-~· .·7· :·.·:· :· ·~·=· '"·. =·~===· ·=·=-* .... J::.~.---~.-~·: .....:; .. ,.':.,· •. : .• ~~·~r:·:;Z:·.~··=···?. . : .. =·. 7.:. ··=-.:::' ..:"· ·7.·~~=~·:~-, :TJ t::;:.....____....,_.,_._._,_...._...._. ... __. •• ~ ......... - ........... ............ 1 • .:..'"""'"'-"~· .. ···~ .. ,; ........... ~---·-- -------- - -
,. 20 Are lar8e rilultiilatiOnal Organizations' part of the targeted adopting community? I r: . :,.~·~1 
21 Are SMEs (Organizations betWeen 50 to 250 emploYees) part of the tarS;eied adoPtirig commUnity?· · 
22 : ~ Are--orgaOii.ations frOm withiri tiny ofthC followinS.industriCs Part ofth"e ta'rgeted "adoPtin8 community: 
defence, oil and gas, energy, automotive? 
· 23 ',DOes the stru-idarCf'havC im imjllCnl.enter's fonim thilt allOWS"I"iliPtetneiiterS'to diScuss their challengeS''S'nd·· 
successes? 
24 · 'Is there a marketing strategy for the st8nd.ard? If so, who manages it?.: .................. . 
25 Does the staTtdard have a websiie or other fonn of central outlet that enables potential adapters (end~userS) or 
, software vendors to find infonnation about the standard and current developments? 
"·2e;···~ · Js the Stmi·d'aratm:pi'eme·nted UsinS"CurrCiifinainsil-earil te'Ch"iiolOgleS; SUCh as XML;'tiML~ or OWL? 
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In Table 7.2 the darkened table cells indicate questions that linked to key factors that 
impact the adoption of data-exchange standards. The determination of these key factors 
was based on the responses of the initial interviewees with regards to what they 
believed were the very important factors that impact the adoption of a data-exchange 
standard. A 'No' response in any of the darkened table cells means that adoption is still 
likely, but there will be significant challenges that need to be addressed for successful 
adoption of a standard to take place. A 'No' in any of the non-darkened table cells 
indicates that adoption is likely with some points of concern. 
This innovation-centric 'Adoption Checklist' is a tool that can be used by standards 
developers to assess the adoptability of new and emerging standards or data-exchange 
standards currently in use, and steps can be taken to facilitate adoptability where 
concerns may be raised. End-user organizations can also use these checklists to assess 
whether or not to invest time and effort into adopting a new or emerging standard. 
Likewise, software vendors can also use the checklist to assess whether or not to invest 
time and effort to develop tools for new or emerging standards. 
7.3 Adopter-centric 'Adoption Checklist' 
The development of the adopter-centric 'Adoption Checklist' follows a similar 
approach to the innovation-centric checklist. The checklist is based around the adopter-
centric model developed in Chapter Six, which established the factors and barriers 
critical to the adoption and diffusion of standards within the UK MoD. The key factors 
were broken down into primary and secondary adoption issues. The "Adoption 
Checklist" has been developed as a tool to support decision makers involved in the 
adoption and diffusion of data-exchange standards within the UK MoD, or similar 
organizations. 
The main factors for both the primary and secondary adoption are summarised in Table 
7.3. The section starts by developing questions around the primary adoption factors. 
Following on from that, the key questions that emerged within secondary adoption are 
presented. 
191 
Chapter 7 -Adoption Checklists 
Table 7.3: Key adopter-centric factors 
j!l'"l:A~d-op"'l"ti-~m ... st,..ag-e""JI~~y"ractors:·'\:.· >. /\ .; ; .::"··· J 
. Primary ad9ption : ' Organizational characieristics, siandard characteristics, 
environmental characteristics, decision criteria and 
decision mechanisms 
·Secondary 
·adoption 
; ' Managerial intervention, facilitating conditions 
7.3.1 Primary adoption questions 
This section looks at the development of questions from the primary adoption 
perspective and breaks the section down into the four main categories: 
i. Organizational characteristics 
The first factor in primary adoption is 'organizational characteristics', and this covers 
issues concerning organizations' policies towards standards, the drivers behind 
standards, organization culture and resource availability. Based on the themes 
surrounding these issues, the main questions that emerge include: 
I. Does the organization have a policy that relates to the standard? 
2. Is there a need for the standard within the organization? 
3. Are there any external pressures to use the standard? 
4. Was the organization involved in the development of the standard? 
5. Is the organization currently free from any re-organization or restructuring 
initiative? 
6. Does the organization adapt well to change? 
7. Is the use of standards prevalent within the organization? 
8. Is there a key strategic champion for the use of the standard within the 
organization? 
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ii. Standards characteristics 
The three main standard characteristic issues that emerged within this factor were the 
five DOl characteristics described by Rogers (2003), namely: complexity, 
compatibility, relative advantage, trialability and observability. Based on these 
characteristics the main questions are: 
9. Is there a perception that the standard is not complex? 
10. Is the standard compatible with existing infrastructure and technologies used in 
the organization? 
11. Is the standard unique in the capability it offers the organization? 
12. Have any pilots and demonstrations been carried out to show the use of the 
standard? If so, have they been of benefit? 
13. Have the benefits of the standard been verified internally within the 
organization? 
14. Have the benefits of the standard been verified externally by any other user of 
the standard? If so, have they been made available? 
iii. Environmental characteristics 
This factor relates to the wider stakeholder community and users of the standards and 
looks at issues concerning network effects and support. Therefore, the main questions 
are: 
15. Is the standard being used in any other organization? 
16. Are there tools available to implement the standard? 
17. Are there consultants available to support adoption and implementation of the 
standard? 
18. Does the standard have a website or other form of central outlet that enables 
potential adapters to find information about the standard and current 
developments? 
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iv. Decision criteria and mechanisms 
The key issues linked to these factors, which emerged amongst the themes of Chapter 
Six, were in relation to the pre-investment appraisal techniques and the influence of the 
key decision makers. So the final questions in relation to primary adoption are: 
19. Is there a compelling business case for the adoption of the standard that allows 
all stakeholders to identify the benefits? 
20. Have key decision makers bought into the idea of using the standard? 
7.3.2 Secondary adoption questions 
Secondary adoption was not the original focus of this research but some key issues 
emerged within the research, which would be likely to affect secondary adoption. 
These were managerial intervention and facilitating conditions such as individual 
attributes, innovation attributes, departmental attributes and standard community 
attributes. These main factors resulted in the following questions: 
1. Is there a policy relating to the standard that impacts the adoption of the 
standard within the department? If so, is there a choice of whether to use the 
standard? 
2. Is funding being made available to facilitate adoption of the standard 
throughout the organization? 
3. Is training being made available to facilitate adoption of the standard 
throughout the organization? 
4. Is there a team of people devoted to promoting the standard throughout the 
organization? 
5. Have any pilots and demonetisation been carried out to show the use of the 
standard? If so, have they been of benefit? 
6. Does the implementation of the standard offer direct benefit to the department? 
7. Is the standard compatible with existing infrastructure and technology within 
the department? 
8. Does the department have any external business partners? If so, are these 
business partners positive towards the use of the standard? 
9. Does the organization or department have a standards licence, which will 
allow implementers to access the standard? 
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I 0. Does the department adapt well to change? 
II. Is the use of the standard compatible with individual end-users current ways of 
working? 
I2. Does the end-user understand the benefits of the standard? 
I3. Is there a positive perception in relation to whether the standard is complex or 
not? 
I4. Have all remaining parts of the standard that directly impact the 
implementation of the standard been finalised or developed? If not, what 
remains to be finalised? 
I 5. Do implementers of the standard have a forum to discuss their challenges and 
successes with other implementers? 
These questions attempt to tackle some of the secondary adoption issues that have 
emerged. 
7.3.3 Finalised adopter-centric 'Adoption Checklists' 
The questions developed around the main factors were collected and tabled using the 
main categories identified in the original model. The finalised checklists are presented 
in Tables 7.4 and 7.5. The two tables give a complete picture for the adoption from a 
primary and secondary perspective and can be used together. 
Like the innovation-centric checklist, the greater the number of 'Yes' responses the 
greater the likelihood of adoption. However, unlike the innovation-centric checklist 
there is no indication of the main factors because interviewees were not asked to rate 
the main factors. Therefore each section has to be analyzed separately to establish the 
adoptability of a data-exchange standard. 
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Table 7.4: Adopter-centric 'Primary Adoption Checklist' 
~~'P~. r::;:im:;;a;.:;;ry::=• 'a;.:y·d;;?P~ti;::;on~_q;;;u;;;es;::;ti=on::::-~;::: ··;:;::·:=;-::::: ·=· =::::·· ·=· ==::::· ·::::·.·==:;:::• :=: =-·=~H.Y/N J 
[ Oriizi.lZatiim~FCh'a[acte~istrcs ~- "" · ____ ... ~-::J 
· Does the orgai1iZation have a policy ihat relates to the stwidard? 
2 · Is there a need for the "stimdiD-d within the orgalliiatiOii? 
3. -~:·Are there My ·extem:arpressUres .. t()'use thC'St"itnd<ird? ··" · 
·· 3 · ., ··waS· the OrgalilZaiioii- iriVoiVed in 'the deVetOi)iiieii£0ftliC staOdaid? -
5 .1 ' Is the organi.ZatiOil cUITenttY rree·rronl any··re~Ofganiz;liiOii Or restiuCfuritig.iititiaHve? 
·· 6 · Does the organization .. adapt well to change?· 
7- fs. the uSC ·or iitalldaids prevateiit 'Within the OTg&tii3:tioi:t? 
~- 8~"- :' IS there a key StrategfC'~h-iuTIPiOri tOr ·the Use"Ofth~e-shliidai-d 'Within the OfgalliZiitiolt? 
9 . Is there 8 perceptiO-n -that thC 'St'iuldard is nOt cOmP-leX? 
···10- Is· the standard cOmpatible with exiSting ··infrastrUCtUre· and techiiOIOgieS used in the·~' 
. organization? 
. 11 .. , Is the standard imique in the capability ii offers the organization? . 
. 12' Have imY pilots' imd'demonstrations been carried--oUt to show the use".Ofthe--stimdafd?'Itso, 
. have they been of benefit? Y IN 
13 Have the benefits of the standard been verified internally within the organization? 
14 Have the benefits of the standard been verified externally by any other user of the standard? If· 
so, have they been made available? Y IN 
-. ·: 
rl?7vironni'enta1"cilaracteTistiCi'anildeClsionniechani~ .- ·<""-_._ . ': ·- .. - __ . ___ u '* .· :.' .·' s_ ::: -":~. '·J~ f::Z .. ....__. ........ ________. --- ... ............_..._.__-.. ....... _..__.._.._..,~ ............ ....__...., ......... ~~ 
' 15 · · Is· the.Standaid beii:tg used irl- any other Orgarli.Zatici'n? 
I 6 ' . Are there tools available to implement the" standard? . 
·i 7 · ~,.Are there consultarlts aVailable to suPpOrt adOPtion ·and impleme.ritiltioO Oftlu~ Standard? 
. 18 Does the stand.ird hliVe a Website or other foim Of ceDirai outlet that Cn<ibles potential adopters . 
to find infonnation about the standard and current developments? 
r; i9 " Is there a compelling business case for the adoption of the standard that allows all stakeholders 
to identity the benefits? 
· 20 : Have key deciSion ·makerS 'bou'ght 'htto• the idea OfuSiiig. the standard? 
This adopter-centric 'Adoption Checklist' is a tool that can be used by end-user 
organizations in two ways. Firstly, using the primary adoption checklist as a frame of 
reference, an organization can answer the following questions: 
o Is this the best standard to use to meet our business requirements? 
o Do we have the resources to adopt the standard? 
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o Is this the best time to adopt the standard? 
Secondly, using the secondary adoption checklist, an organization can assess what 
steps can be taken to takes steps to facilitate successful of the standard throughout the 
organization. 
Table 7.5: Adopter-centric 'Secondary Adoption Checklist' 
t Secondary A(optlon ·. 
. ... : ·. :: '' : .. · .. ,·-·' ·'·' ,'. 'I 
[¥~~gerlallnterventlon ... " _.,._._ -~::J 
·.· I Is there·a policy "relating: to the st!llldardtllat impacts the adoption of tlie St!IJldard within' the: . 
. department? If so, is there a choice of whether to use the standard? 
• 2 ... 'Is funding being made available io facilitate adoption of the stiiridard throuihout ihe 
· organization? 
3' . Is iralnfng being made available to fai:iliiate adoption oftliestandard iliroul!Iioui the 
organization? 
· 4 · · Is there a team· of people devoted to promoting the standard throughout the organization? 
5 ;. : Have an~·_-pilOtS ruld"deffionetisation b6en c3.rried out to ShOW ·tlie Use of the staridaid? If so, 
. have the'y been of benefit? 
[P.eliartm~~attrihut~...:...........;~ .-.: ... ~------~-··-:-'-. ..,-~-~"'--"-: ... __ :_-_'...,] 
: 6 . , Does the implementation of the standard offerdireci benefit to the department? 
. 7' IS' th€: 'sta!id'iird'• corriPitiibte··wtth eXi'Stirig frifia5inic'tufC "alict' techriOlogy with'iti. tliC department? .. '') ' 
. 8 DoeS the dePartment have any external buS'iness pariners? 
If so, are these business partners positive towards the use of the standard? 
·· 9 Does the ofganizlition or department have a staridards liCence~ which will allow implemeniers·to 
access the standard? 
I 0 Does the department adapt well to ch!lllge? 
f(!tl}."!_d~utes 1 1 '"' , '..---_...._._;_'_..~~ : ' ·: : :. " " '•- ; ' ~ .. J 
11 ,\; Is the ·use Of the standaid"cOmpatibte with iridividual COd-U~e·rs current ways o'rWorking? , . _ 
,,; 
[Stana~~_utes --~--~~~----~~~:J 
· 13 : Is there a positive perception in relation to whether the standard is cOmplex· Or not? 
. 14 .. : Have all remaining partsofthe'st!llldard that'iliiectly impacitlie implerrieniaiion of the standard 
been finalised or developed? If not, what remains to be finalised? 
Standar?scommuni@ att~itu~es : : · . : · : ~::J 
·15 ~-' Do iinpteme-nters·ortfie siiridard'have a ·ro·rum 'to dfsCUs·s· thetTChanengeS·ana ·siiCcesses\Vith 
other implementers? 
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7.4 Conclusions 
This brief chapter has focused on the development of two 'Adoption Checklists' based 
on the models developed in Chapters Five and Six. The purpose of these checklists is to 
act as a frame of reference to support the decision-making process in the development 
and adoption of data-exchange standards. Their applicability has not been tested, so the 
aim of the following chapters is to apply the checklists to the adoption of PLCS from 
both an innovation-centric and adopter-centric vantage point. It is hoped that by doing 
this the adoptability of PLCS can be determined and the checklists can be evaluated to 
investigate if there are any emergent adoption factors within the PLCS community that 
have not been identified in the original case studies. 
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CHAPTERS 
PLCS ADOPTION: INNOVATION-CENTRIC 
APPROACH 
Chapter Preface 
In this chapter, the adoptability of PLCS (ISO 10303-239) is analyzed using the innovation-
centric checklist developed in Chapter 7. The chapter starts by assessing each part of the 
checklist factors based around the four main categories of conception, standards process, 
standards specifications and adoption conduciveness. Following on from that an analysis of 
the completed adoption checklist is carried out. 
8.1 Introduction 
PLCS (Product Life Cycle Support) was one of the motivations behind this research 
and triggered the research question into the factors and barriers critical to the adoption 
of data-exchange standards. A review of the literature showed that there was a gap 
within the SC4 community with regards to the factors critical to the adoption of the 
standards and there was a need for more empirical studies in IT standards adoption 
research. In light of this, a novel combined innovation- and adopter-centric approach 
was taken to establish the factors and barriers critical to the adoption of data-exchange 
standards. A retrospective case study of two SC4 standards was carried out to test and 
verify the factors identified in the original model, developed in Chapter Three. The 
finalised model, shown in Figure 5.6, identified the key factors and showed the 
interrelationships amongst the key factors. 
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Therefore the aim of this chapter is twofold: 
CJ To verify and test the factors identified in the innovation-centric model and note 
any emergent factors or issues based on the current factors surrounding the 
adoption ofPLCS. 
CJ To predict the adoptability of PLCS in light of the issues and factors that have 
emerged using the 'Adoption Checklist'. 
By carrying out this analysis, steps can be identified that will help to facilitate the 
adoption of PLCS is successful. This chapter will also demonstrate the potential of 
using the 'Adoption Checklist' as a tool for stakeholders and decision makers involved 
in the adoption and diffusion of data-exchange standards such as PLCS. 
8.1.1 PLCS Overview 
Application protocols are the implementable data specifications of STEP. Therefore, 
'STEP implementation' refers to the practical incorporation or implementation of an 
Application protocol within a company for the purpose of data exchange. Numerous 
studies have been undertaken into the implementation of various other STEP 
Application protocols within industry (Pratt and Anderson 200 I; Peng and Trappey 
1998; Oilman et al. 1997; Starly et al. 2005). However, this chapter is focused on the 
development, implementation and more importantly, adoption of Application protocol 
239, known as the standard for Product Life Cycle Support (PLCS). 
The purpose of the PLCS is to "establish structured data exchange and sharing 
capabilities for use by industry to support complex engineered assets throughout their 
total life cycle" (OASIS PLCS TC 2005). PLCS was developed to meet the needs of 
governments, original product and/or equipment manufacturers, operators and third 
party service providers. Subsequently, the following industry groups can benefit from 
the adoption ofPLCS (PLCS Inc. 2002): 
o Transportation -commercial and military aircraft and associated aero engines 
o Transportation -commercial and military truck fleets 
o Transportation- commercial and military ships 
o Transportation -locomotives and trackside equipment 
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o Heavy industrial machinery 
o Power generation 
o Oil and gas process plant. 
Therefore, the common attributes of the products for which PLCS is most appropriate 
are: 
o Complex high value products 
o Many unique parts and product configurations 
o Long service life 
o Demanding in-service support requirements 
o In-service support costs that encompass a significant portion of the total cost of 
ownership. 
Further details with regards to the history, development and makeup of PLCS emerge 
in the remainder of the chapter. 
8.1.2 Chapter overview and data analysis process 
For this phase of the research, the research approach adopted is action research. Action 
research is often uniquely identified by its dual goal of both improving the organization 
participating in the research project, usually referred to as client organization, and at 
the same time generating knowledge (Kock et a/ 1997). The questions identified in the 
'Adoption Checklist' were answered using data retrieved from using documentation, 
archival records, and interviews. The interviews were carried out with six PLCS 
stakeholders. One stakeholder was the chair of SC4 committee; two interviewees were 
STEP AP developers who were also consultants for a software company heavily 
involved in the STEP standard. The final three interviewees were members of the UK 
MoD product data standards team, who have been involved with the development of 
PLCS. In addition to these data retrieval methods, the author of this thesis was actively 
involved in investigating methods to implement PLCS using XML within LSC Group. 
The results of these investigations were not only used to answer one of the key 
questions, but were also the foundation upon which a pilot implementation was based. 
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The chapter starts by answering questions from the checklist using the four main 
categories that impact the adoption of a standard from an innovation-centric viewpoint. 
For each category, details of the development and issues surrounding PLCS are 
provided. Following on from this is an analysis of the various XML implementation 
strategies for PLCS. The concluding section summarises the results from the checklist 
and offers some predictions relating to the adoption of PLCS and discussions on the 
way forward for PLCS. 
8.2 Conception 
The conception category deals with three main issues, the drivers behind development, 
the initiators of the development and the conceptual idea and scope. The key questions 
and responses for this category are detailed in Table 8.1. The remainder of this section 
discusses the issues surrounding these findings. 
Table 8.1: PLCS responses to 'Conception' questions 
[c~i~e¥tton' : .·... . . . : ' . I 
I Are there economic drivers behind the development of the standard?· Y ' 
. 2 .. Were end-users among the initiators of the development of the standard?.. . Y 
'3 "'Were software vendors among the initiators of the development ofth'e standard? Y 
''4 :'Were any heads ofim industry supply chain involved among the initiators of the" Y' 
standard? 
5 Is the scope of the standard targeted at one industry sector? N 
8.2.1 Drivers and initiators behind development 
This looks at the drivers and initiators behind development of PLCS, and addresses 
. questions one to four in Table 8.1. The main driver behind the development of PLCS 
was the need for a mechanism by which to ensure support information is aligned with 
the evolving product definitions over the entire life cycle of a product. There is a clear 
economic benefit in protecting the information surrounding complex assets. This 
information is of vital importance to a business or, as King (2002b) states, it is the 
"strategic through life asset" of the enterprise. This is largely due to the importance of 
information as a tool to be able to undertake new tasks in the decision-making process. 
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The development of PLCS was initiated through a consortium known as PLCS Inc. in 
September 1999. PLCS Inc. was supported by both industry and national governments 
with the aim of accelerating development of new standards for product support 
information. The initiative brought together the Ministries of Defence of the United 
Kingdom, Finland, Sweden, and Norway, the United States Department of Defence and 
multinational manufacturers including Boeing, Lockheed Martin, BAE Systems, Rolls-
Royce, and Saab Aerospace. A third group of companies involved in the PLCS 
initiative comprised of suppliers of engineering software applications, namely, LSC 
Group, PTC, Aerosystems International, and Pennant. PLCS Inc. was run as a not-for-
profit vehicle, and was established to allow the partners to co-operate in the 
development and delivery of PLCS as an international standard (Sioss et al. 2002). 
Therefore, as can be clearly seen, end-users and software vendors were involved in the 
initiation of the standard. In addition, the presence of the MoDs of various European 
countries and the DoD from the US, plus the large multinational original equipment 
manufactures, indicates that heads of supply chains were involved in the initiation of 
the standard. These results indicate positive adoptability ofPLCS. 
8.2.2 Conceptual idea and scope 
This section addresses question five, which looks at the scope of a standard. The 
ultimate aim of PLCS is to service four key areas for owners of complex engineering 
assets. The areas include: 
a. Configuration Management (CM): Manage product and support information 
throughout the product life cycle. 
b. Support Engineering (SE): Develop the support solution and provide and 
sustain the support infrastructure. 
c. Resource Management (RM): Manage the supply chain, including the 
purchase, management, storage, moving, issue and disposal of physical 
resources. 
d. Maintenance and Feedback (M&F): Maintain, test, diagnose, calibrate, repair 
and modifY the product. Record and feedback information relating to all these 
activities. (King 2002a) 
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One interviewee described the scope as a "very, very big scope". Like the two case 
study standards, the conceptual idea and scope of PLCS is wide, and not limited to a 
specific domain. Indeed, PLCS has a wider scope than the previous case studies 
because it covers a wide range of industries, unlike ISO 15926-2, which is focused on 
oil and gas industries. 
The challenges of the wide conceptual idea and scope of PLCS is that, like other data-
exchange standards, it results in a complex standard, and all interviewees agreed that 
the standard was complex. In addition, this wide scope means that PLCS has a large 
and generic information model that is larger in scope than most business processes 
require or most IT applications can manage (Eurostep 2005). However, this problem is 
addressed by the development of DEXs (Data EXchange sets). Details of DEXs are 
discussed in section 8.4.2. The results show that the large scope does pose some 
challenges for the adoptability of PLCS, but steps have been taken to mitigate some of 
the challenges. 
8.3 Standards Process 
This section assesses the standards process factors that impact the adoption of PLCS. A 
summary of the key responses as they relate to the standards process questions is 
shown in Table 8.2. The key issues relating to each of the questions are answered in 
remainder of this section. 
Table 8.2: PLCS responses to 'Standards process' questions 
if&•1&ri!$Process :.';),!/ <~ ;, · >''1 ··. 0 , . ;: / ·. 
6 ··~' Weri:: end-users Involved iri th'e development ot'the standard? · 
I 
·. 7. ''Were software vendors involved in the development of the standard? 
8 . Have software applications, which are based on the standard and support end-user 
' . business processes, been developed? 
9 ': .. Was the standard developed iri the projectedtimescales? If not, howiong was the ,, 
overrun? 3 years , 
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8.3.1 Development process timescales 
This section focuses on the development of the standard and discusses in more detail 
the responses to question nine from Table 8.2. The development of PLCS began within 
PLCS Inc. in November 1999. The standard was first registered as a new project 
within the SC4 sub-committee on the 23'd of February 2002 and published as an ISO 
standard on 3'd of October 2005 (ISO 2006c). The chairman of the SC4 subcommittee 
explained that the targeted development period was 3 years. However, the data 
indicates an overrun of 3 years meaning a 6-year development time to get to ISO 
publication. The interviewees gave a number of reasons for these delays including: 
I. Pioneering module structure 
One of the interviewees pointed out that PLCS lost a year through pioneering the 
modular structure. The modular structure in STEP application protocols, counters the 
traditional structure that created monolithic complex standards that covered a wide 
area. Details of the STEP modular structure can be found in Kemmerer's (1999) book 
on STEP. 
2. ISO publication process 
There was a challenge with the ISO publication process because of the revolutionary 
approach that PLCS took to publish the standard in HTML using a module repository. 
These challenges with the ISO process were the main cause of delay. The SC4 
chairman explained, "PLCS really has broken down all the barriers. ISO do not have a 
publication stream for doing mass HTML standards. It was only last year that we got 
them to do the first HTML standard and that was just one of them. Then we submitted 
for publication, just before Christmas [2004 }, 145 standards in a package and nobody 
has ever done that before in ISO. We got the congratulations from the Secretary 
General downwards ... So one of the key features of this is that we are making new 
rules as we go long". 
3. Difficulty in getting organizations to agree their requirements 
One interviewee put the time delays down to difficulty in getting different 
organizations to agree what their requirements were. One PLCS interviewee explained 
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that this tied in with some of the research aspects of standards development where 
organizations spend a long time trying to understand their business in a consistent 
manner, and find difficulty in encoding what is assumed common practice within the 
organization. 
4. ISO hurdles 
There are ISO hurdles relating mainly to the consensus process. However, one 
developer pointed out that though these hurdles take time, they do increase the quality 
of the standard. 
Two of the reasons for delays are similar to the reasons that emerged within the case 
studies detailed in Section 5.3.2. However, there were two additional reasons that 
emerged, the first being the modular approach that was introduced into STEP 
application protocols. The second was the revolutionary approach of HTML 
publication in ISO. Nonetheless, the negative impact of these delays remain the same, 
and one of the developers went on to point out that these delays are costly and may 
cause some companies to lose interest. However, ISO is taking steps to combat the long 
development times and, as one developer explained, ''/you to take up the new work 
item, you have to tell ISO in advance whether you are going to deliver in two years, 
three years or four years. If you want to go beyond four years, the technical 
management board must give you a waiver. You have to tell them when you are going 
to do your committee draft ballot, when you are going to do your draft international 
standard ballot ... You have to give them a date for those and ifyou do not achieve 
those, the project gets cancelled within six months unless you do something about it". 
8.3.2 End-user and software vendor involvement 
End-user and software vendor involvement in the development process is an important 
factor, and this sections looks at these factors in relation to PLCS, and addressees 
question six, seven and eight from Table 8.2. There was a good level of representation 
of vendors and end-users in the development of PLCS, which is vital and important for 
its adoption. Nonetheless, one of the senior developers pointed out that, "The real 
conflict we have is vendors trying to protect their share of the market against industry 
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who want to have a solution". One of the developers pointed out that one of their 
biggest challenges right now was how to get vendors back and interested in the 
standard. As the SC4 chair explained, "One of the things we are looking at doing is 
structuring the SC4 meetings to have an implementers day on the Thursday, which will 
be focusing on specific implementation problems ... We are going to find something of 
value for the vendors to come together and do. That is something we are exploring over 
the next couple of meetings". Nonetheless, some vendors have come on board, for 
example, a software consultant company called Eurostep has developed a tool for 
PLCS, and this is important. As one interviewee noted, "Unless you have got [a tool] 
to sell [the standard] through it is not going to work". 
8.4 Standard Specifications 
Table 8.3: PLCS responses to 'Standard specifications' questions 
[Standard S~ed1cati.?ns 1 • ! : <, : : : J 1 '"' " J 
10 Was there a balance between academic- and business-orientated individuals in the N 
development team? If not, which was predominant? Business-orientated 
!I ' · Is there a positive perception relating to whether the standard is complex or not? ' [Ej 
12 Is the standard unique in the capability it offers? ·• [!] 
13 ·Are tlie current editions of the published stalldard compatible with previous editions? N/A · 
.. 14 : , Have there been any pilots, demonsiiaiions or workshops during the developmenlof' []·.· 
: the standard? . ·, · 
,j ' '' ' ' . " ' " ,· 
I 5 '.Have the benefits'ofthe 'standard been verified in a cost-benefit analysis, return-on: ' m .. ··, : 
. investment analysis or success stories? If so, are they publicly available? No L.:J 
16 Have all remaining parts of the stalldard that directly impact the implementation of o· .·· .. · .. -
the standard been finalised or developed? If not, what remains to be finalised? · .. 
DEXs and Reference Data 
17 .. Was the standard developed bya recognised traditional standards development Y 
organization? If so, please specify. ISO 
18 'Was the standard developed by a consortium? If so; please specify. PLCS Inc .. Y 
originally and currently through OASIS 
· 19 Are all parts of the standard available in the public domain? y 
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The questions in this category deal with issues concerning the balance and diversity of 
the development team, the DOl theory characteristics of the standards, completeness of 
the standard and IPR and brand identification. Table 8.3 presents the answers to the 
questions in this category, based on PLCS development. The remainder of this section 
discusses the issues surrounding these findings. 
8.4.1 Balance and diversity of the development team 
The discussion in this section details the response to question 10 in Table 8.3. One of 
the developers explained that there was a very good dedicated team involved in the 
development of PLCS, despite a few organizations coming in and out of the process. 
Having a dedicated team was one the key issues described as lacking in the 
development of ISO 15926-2 and hampering the development process. However, as 
one of the interviewees pointed out, having a dedicated team for developing standards 
like PLCS which cuts across a number of industries, as opposed to ISO 15926-2 which 
is targeted at the oil and gas industry, can pose a few challenges. As one interviewee 
explained, "The main culprits stayed the same pretty much throughout the whole 
process, which is good from one aspect in terms of continuity, but again you are trying 
to build a much bigger consensus, so you do not want to end up with a niche standard 
because you have got a dedicated team - that is why we have these conferences, which 
give the opportunity for people to throw bricks at us." 
Another issue emerged in relation to the balance between academics and business 
orientation in the development team. Unlike what emerged in the original case studies 
where there was more of an academic emphasis, in the case of the development of 
PLCS, the SC4 Chairman pointed out that there were no academics. This could be due, 
in part, to having a combination of consortium development and ISO process 
development so more industries and end-users were involved, and as a consequence 
there was more of a business focus during development. Nonetheless, one of the 
interviewees did point out that this tension between academics and the business minded 
was to be expected. The interviewee stated that, "Yes, I think there were some cases [of 
tension] there, but one has to ask, is there any more or any less than what you would 
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expect in a commercial organization". The developer went on to point out that in some 
situations the comments made by the purists were ignored. 
8.4.2 DOl standard characteristics 
This section, covers questions eleven to fifteen, which deal directly with the five DOl 
characteristics. The details of the responses include: 
I. Complexity 
In relation to complexity all the interviewees agreed that the standard was complex. 
However, as one interviewee noted, "complex solution, complex problem". The 
interviewee went on to explain that after twenty-six years of data-exchange experience, 
the issue of complexity always comes down to trying to get a common understanding 
and building an interface that supports a wide range of information. This relates to the 
conceptual idea and scope of these standards. However, one of the software developers 
questioned whether this complexity was stopping people using the standards. This 
confirms the view of the previous case study interviewees, who noted that the 
complexity of the standards should be absorbed by the software vendors who develop 
tools that make the standards transparent to the end-users. Therefore, having usable 
software tools is the key issue. 
2. Compatibility 
Compatibility in relation to PLCS is not an issue yet, because there have not been new 
revisions of the standard. However, steps are being taken to overcome the potential 
challenges of having new editions of a standard. PLCS has a modular structure and 
these modules are produced as technical publications that have to be reviewed within 
three years, and at the end of the first three years these modules can be renewed as 
technical specifications. However, after six years these technical specifications have to 
either be withdrawn or made into an international standard. One interviewee agreed 
that if you implement a different version, there is no guarantee of compatibility, but 
steps are being taken to mitigate this challenge by having a clear publication profile of 
which editions of which modules are being brought together. There is a hope to secure 
funding to do that in an automated, rather than manual, way. 
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3. Relative Advantage 
According to the SC4 chairman there is no standard that competes with PLCS at a 
global level. This is positive in relation to adoption because the standard appears to 
have no real competitors, although some of the ISO 15926-2 developers would argue 
that ISO 15926-2 competes with PLCS. However, ISO 15926-2 is not yet implemented 
for in-service support. 
4. Trialability 
A number of pilots and demonstrations have been carried out over the years, which the 
interviewees described as beneficial to the standards process and showing the usability 
and benefits of the standard. However, one of the interviewees noted that it was now 
time to move from pilots and demonstrations to real exchanges, similar to that which 
was proven on the Norwegian Navy frigate project, which met and resolved several 
challenges of a PLCS implementation (Hansen 2004). 
5. Observability 
As with the case studies described in Chapter Five, the interviewees agreed that having 
observable, verified benefits would be an advantage for the standard. However, a 
problem that emerged in the original case studies was that there was a reluctance by 
some organizations to show the benefits or savings that had emerged as a result of use 
of the standards. Indeed, one software vendor interviewee explained the story of a US 
defence contractor who supposedly saved so much from the use of a STEP application 
protocol that they were afraid, if they published how much money they had saved, the 
air force would want their money back. Another software vendor who had been directly 
involved in determining the benefits for an organization using PLCS explained in the 
interview that even though benefits has been realised, they were not allowed to divulge 
that information. This has a negative impact on the overall adoption of the standard, as 
was posted on the PLCS Inc. website (2002), "The Return on Investment (ROI) from 
P LCS is still to be proven". However, these results show benefits have been proven, 
but not disseminated. 
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8.4.3 Completeness of the standard 
This section looks in more depth at the response to question sixteen in Table 8.3. The 
completeness of the standard was a factor that emerged as key in ISO 15926-2 because 
the reference data libraries were not complete and there was concern by some 
developers that this would hinder uptake. In the case of PLCS, some reference data is 
available, and the role of reference data in ISO 15926 is more critical than PLCS, so 
reference data is not a main issue. According to the MoD Coherence Project final 
report (McCann 2006}, "The necessary reference data required to give P LCS business 
context has not yet been fully defined." Therefore, though this may not be a main issue, 
it is a point of concern and an issue that must be resolved. 
The challenge in relation to completeness for PLCS is the development of the DEXs 
(Data EXchange sets). According to the OASIS (Organization for the Advancement of 
Structured Information Standards) technical committee responsible for PLCS, a DEX is 
defined as follows: 
"A Data EXchange set [DEX} is a subset of the overall PLCS information model, 
comprising one or more capabilities, which in turn are based on the common data 
modules. DEXs support a specific business process or purpose and can be related to 
existing information. The developers of ISO 10303 AP 239 used their knowledge and 
Product Support domain expertise to identifY and define the capabilities enabled by 
each DEX The use of DEXs will facilitate modular implementation of AP 239. Those 
applying PLCS and/or vendors providing software applications may claim 
conformance against a single DEX or a combination of DEXs" (OASIS PLCS TC 
2005}. 
In 2004 the PLCS Inc. project defined a range of 30 potential DEXs, however, to date 
only eight are currently under development (McCann 2006). The DEXs are initially 
being standardised by publishing the subset of PLCS and associated usage guidance 
material as OASIS standards. Once they have been used extensively, they will be 
included as conformance classes of PLCS. DEX development has not been finalised, 
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though different DEXs are at different stages of development. Nonetheless, one of the 
key developers described the incompletion of the DEXs as a major barrier to adoption 
of PLCS at the current time. One of the developers explained that a particular challenge 
at the moment was that the DEXs were quite large and the DEX development team are 
looking at creating smaller DEXs that meet the requirements of, for example, workflow 
within the US DoD. 
Other challenges have emerged from working within OASIS. The SC4 Chair points out 
that, "Certainly over the last 3 years I have spent more time arguing and fighting 
OASIS procedures than I have ISO ... The only advantage is that [in] most consortia 
you can get direct membership, but in many cases that will exclude SMEs because they 
can attend national standards bodies meetings, and any company can be a member and 
form part of the UK view. How would they get into OASIS? Oh, it is cheaper, but how 
many trips do SMEs want to pay for their one IT man?". 
Another challenge developers are facing with developing standards within OASIS is 
similar to the challenges faced by traditional standard development organizations like 
ISO. Participation is voluntary, consequently funding is required to get specific tasks 
done. The funding arrangement in PLCS Inc. was that each organization paid $50,000 a 
year for four years and one of the developers pointed out that over that four-year 
period, $2 million was spent on the development programs for PLCS. However, as one 
developer said, "In OASIS, you do not have any of that dedicated resource, you have 
just got projects collaborating, so we cannot say, someone go away and write a 
document, you have got to find a project that has got somebody available to write that 
document, or somebody that has the lead, and when they get desperate enough, the job 
gets done. So that is why we are trying, at the moment, to fund the core team of 
modellers to finish the core activities on DEXs, which is basically an overhead for 
everybody, that everybody benefits from, so the teams can go away and finalise the 
DEX contents. Franldy, I think we have lost a lot of momentum by not having dedicated 
resource". The other side of this funding challenge is that the people who really need 
the standard, like the MoD and the Norwegian MoD, are covering the majority of the 
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cost for things to get done. The MoD employee involved with PLCS indicated that this 
is a problem. In addition, one of the interviewees noted, "What we do not want to do is 
make [these PLCS DEXs} into a UK MoD standard, so we want someone else to pay 
for it". 
8.4.4 Brand identification and Intellectual Property Rights 
The first part of this section deals with the issues concerning brand identification and 
explains the responses to questions seventeen and eighteen in Table 8.3. In relation to 
brand identification, one of the interviewees found that the fact they were dealing with 
ISO standards was positive. The interviewee went on to explain that there was a 
perception that although ISO standards may take a while to get developed, once 
developed they are set and secure. The interviewee went on to point out that there was 
further evidence of the benefit of ISO brand in his experience where he has seen work 
done in consortiums like CEFACT and OASIS, and explained that, "once it is complete 
they will push it [CEFACT and OASIS work] through ISO and get an ISO stamp of 
approval. It does still have some meaning". However, two of the interviewees did 
concede that that some people have a negative perception of not just ISO, but standards 
in general. Indeed, one of the American interviewees stated that, during his thirteen-
year experience at one of largest software companies in America, they never used ISO. 
He argued that there may also be an American and European cultural effect on people's 
perceptions of standards, and noted that he believed that the W3C has more weight 
than ISO when it comes to IT standards. One of the other interviewees also pointed out 
that brand identification with ISO was based on the type of company, and that large 
organizations with a global presence tended to be more favourable than SMEs to ISO. 
These findings relate to issues discussed in Section 5.5 .3. 
Answering the questions relating to brand identification, questions seventeen and 
eighteen, also opened up discussion with regards to development of PLCS using both a 
consortium and the ISO process. The chair of the SC4 committee said that, "It is very 
easy to do a first draft [of the standard] and we have demonstrated, I think quite 
successfully in P LCS, that by combining the best of the consortium process and the 
international standards process, we can make much more rapid progress. PLCS 
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launched in November 1999. By the end of 2003, we had a draft standard". This 
confirms the assertions made by some of!SO 15926-2 developers that the best form of 
standards development combines the benefits of consortia and traditional standards 
bodies such as ISO. 
The final part of this section seeks to address question nineteen, which deals with !PR. 
The interviewees agreed that !PR was a valid issue in relation to the adoption of 
standards such as PLCS. However, in relation to PLCS, !PR was not an issue because 
an agreement was made within six months of the PLCS Inc. consortium forming. 
Everybody signed up to this agreement, which stipulated that everything was to be 
made publicly available. 
8.4.5 Fee for the standard 
This final section looks at the issues surrounding the fees paid for standards. The 
debate relating to the fees for the standards was not seen as a key issue in the case 
study standards, but was an issue that emerged in the discussions surrounding PLCS. 
The interviewees argued that this is a key issue not just for PLCS but all ISO standards 
that are disseminated with a fee. One interviewee expressed, "unlike W3C or OMG 
where you can find the standards free on the Web, you have to pay for [JSO 
standards} ... you cannot go off and find a reference ffor these standards] on the Web 
and that is just unacceptable in today's world- totally unacceptable". 
The problem is best explained by one of the developers who notes that, "The big 
problem is [that] the JSO business model is currently based on selling paper or CDs. 
What is [the] alternative business model? ... Our parent group, TC 184 has authorised 
us as SC4 to go and break our heads on the gate at ISO and try and solve this issue. 
We have their full support for getting free of charge standards. But at the moment, 
[the] people who are blocking it are not ISO in Geneva- their money comes from 
national [standards] bodies. The people who are blocking it are BSI, ANFOR, ANSI, 
and DIN who are all struggling to generate revenue, so that they can pay for JSO fees 
among other things ... These organizations [BSI, ANFOR, ANSI, and DIN} could try 
and sell services to gain revenue, for example by selling consultancy on how to use the 
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standards, but that will not work because then BSI will be in competition with its 
members that already provide these services. So it is a big challenge." This is an 
ongoing problem often debated in the literature and discussed in Sections 5.5.1 and 
6.3.4. 
8.5 Adoption Conduciveness 
Adoption conduciveness covers the adopting community innovativeness, 
communication channels, marketing, and related implementation technologies. The 
first three issues are discussed in this section. The final factor is discussed separately. 
The results of the questions for this section are shown in Table 8.4. The remainder of 
this section discusses the issues surrounding these findings. 
Table 8.4: PLCS responses to 'Adoption conduciveness' questions 
~~aoqti~~ Conduclvenes~. :.; ;·r ' / / · r. { '> r\. :~~: :.'.::. •: ; , , J < j-:•\,;'\·'" ,:, ~,.,.', ~·'<·<\,-:_;,,:·;·._">' ); C I 
20 · Are large multinational organizations pait of the targeted adopting cotimiunity? · L!J 
21 . Are SMEs (organizations between 50to 250 employees) part of the targeted adopting:: Y 
community? 
· 22 ·· Are organizations from within any of the following il1dusiries part of the targeted· Y ·: 
i adopting community: defence, oil and gas, energy, automotive? 
. . - ' 
• 23 .. ' Does the standard have an implementers' forum tliat allows implementers to discuss' LJ·.··.· . ... ·. 
. · , , their challenges and successes? . · 0: . , 
~ . , ' ' ' . . 
. 24 '. Is there a marl<etlllg strategy for the standard? If so; who manages it? SC4 .• ~ 
. 25 ' . Does the standard have a website or other form of central outlet that enables potential . []·.· .·.• .. ·. · · .• ·. 
adapters (end-users) or software vendors to find information about the standard and · · ... · 
current developments? . ·.. ·. , 
. -< -. •' ' ' ' 
26 =::~~:?implemented using currenimainstream technologies, such as XML, ; [] 
8.5.1 Adopting community innovativeness 
This section addresses question twenty, twenty-one and twenty-two, in Table 8.4. The 
main issue raised in relation to the adopting community innovativeness was 
organization culture. One interviewee who works for a major defence contractor and is 
a developer of PLCS stressed the point about organization culture, and noted that there 
is a tendency for organizations to not recognise the value of information. The 
215 
Chapter 8 - PLCS Adoption: Innovation-centric 
interviewee went on to suggest that organizations need to find ways to address this 
tendency because when organizations do not understand the value of information there 
is a greater chance of perceiving that the standard will not meet their needs and this can 
be a barrier to adoption. One of the results of this information mismanagement is that, 
as was noted by one software vendor, "there is a challenge of mapping traditional 
custom and practice to what is actually included in the standarcl'. In the end it was 
agreed that innovativeness is dependent on an organization's culture, not just in 
relation to its attitude towards change or standards but information as well, which has 
added a new dimension to the culture issue, and presents an opportunity for further 
research detailed in Section I 0.3.3. 
8.5.2 Communication channels and marketing 
This section addresses question twenty-three, twenty-four and twenty-five, in Table 
8.4. The communication channels were seen as important and currently there are no 
communication channels for implementers of PLCS although steps are being made to 
start an implementers' forum. Closely related to communications channels is the 
marketing of PLCS. In the case studies this was described as an important issue. Table 
8.4 shows a Yes/No answer to question twenty-four was given because a Committee 
for Education and Outreach has been established in SC4 to look specifically at 
marketing. However, the SC4 chair pointed out that a key challenge was trying to 
establish a team fully committed to building this committee. The committee is 
currently on its third chairman and lacking in funding. Marketing is a key factor and 
not having a stabilised committee for education and outreach is not positive for the 
adoption ofPLCS. 
8.6 Related Implementation Technologies 
The main purpose of this section was to aid the researcher in having an in-depth 
understanding of the STEP standard and XML. It was vital for the researcher to have 
this understanding in order for action research, detailed in Section 4.4, to be effectively 
carried out. In addition to that, one of the important factors that emerged in the 
innovation-centric analysis was that the use of technologies like XML for 
implementation will positively impact adoption of data-exchange standards like STEP. 
216 
Chapter 8 - PLCS Adoption: Innovation-centric 
Therefore, the second purpose of this section is to present work that was done to 
investigate different implementation techniques for PLCS and XML. Thus, answering 
question twenty-six in Table 8.4 by showing that PLCS could be implemented using 
XML 
There is a debate within the STEP community about moving to more mainstream 
technologies like UML, XML and OWL. One of the software vendors interviewed 
noted that using tools around technologies like EXPRESS involves a large learning 
curve and cost, and this can become a barrier to other vendors or end-users getting 
involved with STEP standards. However one of the developers countered this view and 
pointed out that, "The value in EXPRESS is that it moves through the generations of 
information technology. The disadvantage is that it doesn't tie into the major tool sets, 
the pre-tools, and so on that are around, so we need to build a bridge to UML [and] 
XML just as we built a bridge to databases after we did the original flat file". One of 
the vendors found that about a third of the STEP community he dealt with wanted to 
stay with their traditional ways of working, which was slightly hindering progress 
towards more mainstream technologies. However, ISO I 0303 Part 28 of STEP is 
focused on creating an EXPRESS-XML mapping and another standard, ISO I 0303 
Part 25, is being developed for transforming EXPRESS schemas into UML models 
(Lubell et al. 2004). There is agreement that these technologies are vital and that the 
STEP community cannot afford to ignore the work in these communities. 
8.6.1 PLCS and XML implementation 
In September 200 I, two teams of PLCS Inc. members independently developed PLCS 
technology demonstrations based on a part of the single integrated information model 
(Sioss et al. 2002). The demonstrations concentrated on the core of the model dealing 
with product structures, configuration management and exchange of information in the 
form of a STEP Part 21 file. The two technology demonstrations were sponsored by: 
o UK MoD, Rolls-Royce and the LSC Group 
o US DoD, Boeing, Aerosystems International and PTC 
Following the success of the demonstrations, in November 2002 further investigations 
were carried out by the author while based at the LSC Group office in Tamworth, UK 
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working with part of the LSC Group STEP/PLCS team. The investigations looked into 
the different technologies that could be used to fully implement PLCS. 
8.6.2 Investigated implementation architectures 
Three implementation options were investigated based on the exchange of data 
originating in a relational database. All three investigated architectures were built on 
the following initial steps: 
i. First the schemas, entities and attributes within the PLCS application modules 
that corresponded to the tables and columns of the relational database had to be 
identified. For example, the Asset table in the relational database would be 
equivalent to the Product entity in the PLCS schema. 
ii. Next all the relevant PLCS entities and attributes were validated and compiled 
to create one schema that contained all the entities and attributes that represent 
the relational database. 
Once these steps were established the different methods of implementation could be 
investigated. 
1. Method One 
This section introduces the architecture used for Method I and analyzes the potential 
costs associated with this method. 
STEP TOOL 
................................................................................................................................. 1 
EXPRESS EXPRESS 
ROB EXPRESS X PLCS 
data data 
L( I ROBto I ~ PLCS +. Relational ~ ROB PLCS Part 21 file Database ~L model 11 data 11 model I (SlEP (RDB) data converter data physical ..._ file) 
I ~~to I 
EXPRESS X 
Figure 8.1: P LCS implementation options 
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Method I was investigated based on Figure 8.1, which has been adapted from the 
PLCS demonstrator to only detail the data exchange process within the STEP tool. The 
following steps were carried out prior to the use of the STEP tool: 
a. The relational database was ·converted into a series of object types using SQL 
statements. The object type names corresponded to table names and the object type 
attributes corresponded to table columns. 
b. Each object type was then directly converted into EXPRESS entities, with object 
type names and attributes represented as EXPRESS entities and attributes 
respectively. 
c. All the entities created from the object types were then combined into one 
EXPRESS schema. 
This resulted in the creation of two EXPRESS data models, one that represented the 
relational database and the other the PLCS data model, which is based on all the 
entities and attributes that correspond to the relational database. Both data models 
were then loaded into the STEP tool. The next step involved creating the EXPRESS-X 
procedure that details the mappings between the relational database data model and the 
PLCS data model. 
How method 1 works 
Data is imported into the STEP tool from the relational database to populate the 
relational data model. Once the relational database data model is populated it is 
mapped to PLCS using EXPRESS-X. The resultant PLCS model data is exported from 
the STEP tool as a Part 21 file. Likewise a Part 21 file can be loaded into a STEP tool 
and converted into relational database data. Method I provided a basis for initial 
research into practical implementation; the following two methods build on Method I 
by introducing the use of XML. 
2. Method Two 
There have been arguments on the use of XML within STEP community. However, 
Fry (2001) explains how "STEP and XML are complementary technologies and are 
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both necessary with appropriate recognition of the respective strengths and purposes 
of the two standards". 
Method 2 built on Method I by creating object views on top of the object types, using 
SQL statements. These object views were then run through the Oracle's PL/SQL XML 
Developers Kit in conjunction with SQL statements, producing an XML file and an 
XML Schema (XSD). Once the XML file and Schema were produced, two approaches 
were identified: 
a. Using the eXtensible Stylesheet Language with Transformations (XSLT) to convert 
the XML file directly into a Part 21 file - This removed the need for the use of 
EXPRESS-X or a STEP tool. However, the Part 21 file can still be loaded into a 
STEP tool. This approach offered an alternative but was still seen as a "point-to-
point solution", and a method of generically using XSLT to produce a Part 21 file is 
still being investigated. 
b. The second approach was to load the XML file and Schema into a STEP tool that 
has XML to EXPRESS conversion capabilities; this approach is still under 
consideration. 
3. Method Three 
The final method built on ideas generated from the first approach of Method two and 
incorporates the use of web services. This was carried out using a Remote Procedure 
Call protocol known as the Simple Object Access Protocol (SOAP). This architecture 
is built around a web-based user interface with SOAP used to extract product data from 
a relational database, and data exchange carried out using XML files. The XML files 
are validated by an XML Schema (XSD), which is based on the relevant PLCS entities 
and attributes. In addition, this architecture enables conversion of the XML file into a 
Part 21 file using XSL T, thereby allowing the file to be validated and exchanged using 
a STEP tool. Further research needs to being carried out to ensure that the XML files 
and the XML Schema are Part 28 compliant. The two initial methods provided the 
basis for understanding ways of practically implementing PLCS and were the means by 
which the final implementation architecture, Method 3, was established. 
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8.7 Summary and Conclusions 
The results presented in this chapter have looked at the innovations-centric issues that 
impact the adoption of PLCS. The findings of each of the sections have been collated 
and are summarised in Table 8.5. 
It is evident from the table that there are more 'Yes's than 'No's, which shows positive 
signs for the adoptability of PLCS. However, some of the key factors have been 
answered negatively indicating that there could be some concerns. The first concern is 
the timescale, which could have impacted the involvement of some end-users and 
software vendors. Nonetheless, now that the standard is published, this factor is no 
longer considered a major issue. The next main factor with a 'No' response is 
completeness of a standard, and this has more immediate causes for concern. With no 
DEXs completed and available, uptake of the standard will be delayed until the DEXs 
are available, what this means is that in the short term there is a potential for missed 
opportunities. Indeed this sentiment is reiterated in a statement made in the MoD 
Coherence Project final report, which states, "The future validity of PLCS as a global 
information standard as opposed to the basis for bespoke interfaces will depend on the 
degree to which this work can be effectively managed to deliver business driven DEXs 
in a timely manner". Nonetheless, the report goes on to state that US DoD has 
expressed a desire to be involved in DEX development, which if successful could result 
in an injection of funding to take the DEX work forward. 
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Table 8.5: Application of innovation-centric 'Adoption Checklist' to PLCS 
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In addition to the DEX development concern, there is still not a clear marketing 
strategy, which, until rectified, will also negatively impact adoption. Nonetheless, 
adoption of PLCS is still very positive, these issues are more points of concern. The 
reason why adoption is positive despite the 'No's in some of the key issues is that there 
is sill a majority of 'Yes' answers to the key issues. The important ones being: 
o The involvement of large multinational organizations in the standards process, 
these organizations have a tradition of working with standards. In addition, 
some countries, for example Norway, have specific policies regarding the use 
ofPLCS. 
o Software vendor involvement and the development of tools that will facilitate 
the uptake ofPLCS. 
o The linking of implementations of PLCS with mainstream technologies like 
XML. 
In summary, the adoption of PLCS is still very positive, although there are a few 
concerns, which, the author believes, will not stop the adoption of PLCS but, PLCS 
will fail to achieve adoption as fast as could be possible. All interviewees also agreed 
that there would be eventual widespread adoption of PLCS. 
The aim of this chapter was: 
I. To verify and test the factors identified in the innovation-centric model and note 
any emergent factors or issue based on the current factors surrounding the adoption 
ofPLCS. 
2. To predict the adoptability of PLCS in light of the issues and factors that have 
emerged using the 'Adoption Checklist'. 
Both aims were met and the checklist was applied to PLCS, and an outcome predicted. 
During the application of the checklist one new factor emerged relating to how an 
organizations attitude towards information can impact the adoption of a standard within 
an organization, Section 8.5. I. What emerged from the data is that the likelihood of the 
adoption of a data-exchange standard is positively impacted by the importance an 
organization places on the efficient management of information. One way to measure 
this importance is through the existence of a department or individual responsible for 
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the effective management of information within the organization. Therefore, a new 
question has been added to the adopter-centric checklist, and the question asks: 
Does the organization have an individual or department devoted to the management of 
information throughout the organization? 
This question is by no means exhausts the possible ways of determining whether an 
organization has a positive attitude towards information, but is one indication. There is 
an opportunity for further research to be done to establish how to measure an 
organizations attitude towards information, and what impact that attitude has on the 
adoption of data-exchange standards. 
In addition to this new factor, what emerged from the data were different perspectives 
on a number of existing factors like the reasons for the time delays in development, two 
new reasons emerged, the modular approach and the revolutionary HTML publication 
in ISO, Section 8.3.1. In addition, the stakeholders involved in PLCS gave the fees paid 
for standards a much higher priority, Section 8.4.5. Therefore, from a research 
perspective this chapter has offered the opportunity to confirm and ground the original 
factors and findings in a new context, and offer new insights into existing factors. The 
next chapter looks at the application of the adopter-centric 'Adoption Checklist' on the 
adoption ofPLCS within the UK MoD. 
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CHAPTER9 
PLCS ADOPTION: ADOPTER-CENTRIC 
APPROACH 
Chapter Preface 
This chapter presents the results of the application of the adopter-centric "Adoption Checklist" 
on the adoption of PLCS in the UK MoD. The chapter begins by looking at the primary 
adoption issues covered by the questions. Subsequently, the data obtained from a workshop 
based around the use of PLCS is used to give a more detailed insight into the secondary 
adoption issues. The final sections give an overview of the adoption ofPLCS within the MoD 
and assess the way forward for data-exchange standards such as PLCS within the MoD. 
9.1 Introduction 
Standardization is the key to ensuring the interoperability, quality, safety, reliability, 
maintainability, effectiveness and efficiency of the equipment used by the Armed 
Forces (UK MoD SSE 2005a). To realise these benefits, standards have to be 
effectively adopted and implemented within the MoD. However, what emerged in 
Chapter Six was that there are a number of factors and barriers critical to the adoption 
of standards within the MoD. Some factors like organization culture are applicable to 
the adoption of any standard or innovation within the MoD. However, other factors like 
standardization policies, standard characteristics and support from the standards 
community are unique to a particular standard. Therefore the aim of this chapter is two 
fold: 
I. To verify and test the factors identified in the adopter-centric model and note 
any emergent factors or issues based on the current factors surrounding the 
adoption ofPLCS within the MoD 
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2. To predict the adoptability ofPLCS in light of these issues and factors that have 
emerged using the 'Adoption Checklists' 
By carrying out this analysis, steps can be identified to help facilitate the widespread 
adoption of PLCS. This analysis will also demonstrate the potential of using the 
'Adoption Checklists' as a tool for key stakeholders and decision makers involved in 
the adoption and diffusion of data-exchange standards within organizations such as the 
MoD. 
As was stated in section 4.5.1, the collection of data in this chapter was carried out 
using a number of methods. The main methods used, and the purposes of the chosen 
methods are detailed below: 
o Interviews: Two group interviews were carried out. One with three members of 
the product data standards team and the other with an IPT leader and four 
members of his team. They provided details on some of the primary and 
secondary adoption issues that emerged. 
o Observations: The observation method was used during the PLCS workshop to 
note the main questions and concerns raised during the workshop. These were 
used during analysis of secondary adoption. The attendees were made aware 
that the author was taking notes of all questions and concerns raised. 
o Questionnaire: This was given out at the end of the workshop to assess 
participants' attitudes towards PLCS and to establish if the workshop had 
impacted the attitudes of the participants. 
o Documentation: Documentation was used to verify and add information 
regarding different issues raised during both primary and secondary adoption. 
The data collected from the above methods was used to answer the questions in the 
'Adoption Checklist'. The completed checklist was used to assess the adoptability of 
PLCS and provide a basis for recommendations to support the standard's continued 
adoption. The methodological approach used in this chapter is, like in Chapter Eight, 
action research, as was detailed in Section 4.4. 
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The chapter begins by going through the primary adoption questions. The next sections 
present the results of the questionnaire and observations made during the workshop 
that demonstrated the use of PLCS. The concluding section brings together the 
completed checklist and data from the workshop to assess the secondary adoptability of 
PLCS and looks at the uptake ofPLCS within the UK MoD. 
9.2 Primary Adoption 
Primary adoption represents the adoption decision that needs to take place at a high 
level in an organization. There are a number of key factors that emerged within the 
adopter-centric study in Chapter Six, the key factors fall into four main categories: 
organizational characteristics, standard characteristics, environmental characteristics 
and decision mechanisms. This section seeks to test and verity if these factors are valid 
within the adoption process ofPLCS. 
9.2.1 Organizational characteristics 
Five key factors emerged within the organizational characteristics. These are: 
standardisation policy, drivers, organization culture, existing infrastructure and 
resource availability. Each of these factors is addressed below: 
I. Standardization policy 
MoD policy is that STEP is the standard of preferred choice for all data exchange. For 
this reason, it has been announced in the Defence Contracts Bulletin (UK MoD SSE 
2005b) that, ISO I 0303 STEP is the uniform standard of preference for the electronic 
exchange of product model data. This statement was reiterated by the then head of the 
product data standards team during a PLCS forum, that, "Importantly, it has been 
announced in the Defence Contracts Bulletin that as from January 2003, STEP will be 
the uniform standard of preference for the electronic exchange of product model data. " 
(Margaret Christison, Defence Logistics Organisation) 
One of the product standard team went on to explain that this policy came into place 
after some STEP Application Protocols (APs) had started to be used within the MoD. 
Indeed, PLCS was very much part of the motivation for this policy, as the current head 
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of the product data standards team exp lained '[certain MoD officials] recognised that 
STEP was a standard thal had CAD model control. so they thought 'Why don 't we 
have lha! lhrough life? · .. . llhink lhe idea was to mandate PLCS and then someone 
said, 'Not jus! P LCS, we ought to mandate I he res! of STEP' ". PLCS, therefore, has 
an advantage over AP224, because this policy was not in place when AP224 was first 
considered. Having this policy in place means that there has been adoption at the 
primary level due to the recognition ofthe importance of STEP standards. 
2. Drivers (need for the standard) 
The drivers for use of P LCS are at two levels. The first is the need within the MoD to 
integrate information. What emerged from the research data is that over the years, 
there has been an emergence of si los of information across the MoD to meet the needs 
of specific purposes and projects. 
Figure 9.1: MoD informalion systems across three services (Mills and Bridges 2004) 
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These silos or stores of information are generally systems that meet a specific, narrow 
area of business requirements. This has resulted in over two hundred information 
systems that store and manipulate data across different departments within the MoD, as 
shown in Figure 9.1. Figure 9.1 is a top-level diagram that captures some of the 
numerous systems running across the MoD, the lines indicate how these systems 
interact with each other. These numerous systems run on bespoke software, which is 
expensive and difficult to modify, with high support costs. The IPT leader interviewed 
said that, "It is an absolute fact of life that [the three services] will always operate 
together, I cannot envisage an operation where the Navy and Army would do 
something by themselves, it just does not happen, all warfare and operations are joint 
from now on". Therefore, it is important that the systems within each of the three 
services interoperate and interact with each other. 
In light of this, a number of government programs and initiatives, such as the Strategic 
Defence Review, the "Modernising Government" initiative, and an internal MoD drive 
towards shared data environments, plus the impact of the intern et and the explosion of 
e-business, has seen enterprise integration emerge as a key enabler to facilitate the 
seamless exchange and integration of information across the design, production and 
engineering support systems in the MoD (UK MoD SSE, 2005b ). Hence, there is a 
clear driver for the use of data-exchange standards like PLCS within the MoD. 
The second issue with regards to drivers behind the use of PLCS was that, in addition 
to the need for standards to support integration in general, there was a specific need for 
a standard that supports a product through life. What emerged from the data was that 
Def Stan 00-60 did not offer full life cycle support for a product, and one of the 
product data standards team pointed out that they realised they needed a through-life 
information standard. In 1999, an employee of the Defence Procurement Agency 
presented a paper at a ministerial level about the need for PLCS, and according to the 
product data standards team, the 'powers that be' were convinced enough of the 
importance of PLCS that they agreed that the MoD should become one of the founding 
sponsors of PLCS Inc. and become involved in the development of the standard. So 
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there were drivers for PLCS at two levels, the need for standards to support data 
integration and the need for a specific data standard to support a product through life. 
Therefore, there is a clear need for the standard. This worked positively in favour of 
adoption of the standard at a primary level. 
3. Organization culture 
This factor relates to an organization's general attitude towards change, information 
and standards. Based on the interviews from the original case studies, many of the 
interviewees working for the MoD described the MoD as a traditional organization that 
is not always favourable to change. Sull (2002) describes this as an organization's 
tendency to persist in established behaviour. Nonetheless, although attitudes towards 
change is an issue, the head of the IPT who was interviewed, pointed out that this is a 
challenge most organizations face. Nonetheless, on a primary adoption level, what is 
evident is that the organization as a whole has a positive attitude towards standards and 
has a culture that is favourable towards data-exchange standards on a general level. 
With regards to the organizations attitude towards information the MoD has placed 
increased importance on the effective management and utilisation of information 
within the MoD. This is evidenced by the presence of a Director of Logistics 
Information (DLoglnfo). The role of the team devoted to logistics information is 
described on the MoD DLO website as: 
"Its role is to identify and remedy gaps in defence logistics information capability. It 
introduces information discipline and derives maximum benefit from Defence 
information infrastructure (DII}, which brings clarity and simplicity to logistics 
applications and data storage. [It] reduces the likelihood of failure, delay and waste, 
by improving programme, project and service management". 
Statements such as this highlight the fact that the MoD recognises the importance of 
information and consequently has a culture that indicates a positive attitude toward 
information. 
The main cultural issues emerged during secondary adoption and are linked towards 
the culture of a department or an individual. Therefore, a more in-depth analysis of the 
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culture issues that impact adoption is discussed within secondary adoption analysis in 
Section 9.4.2. 
4. Existing infrastructure 
This factor points mainly to switching costs and to the impact the adoption of a 
standard has on the current ways of working. Due to the policy and the apparent need 
for a standard like PLCS, the issues surrounding existing infrastructure will be more 
dependent on the specific IPTs and departments that have to adopt the standard and 
how this impacts their current ways of working. This is considered in more depth in 
Section 9.4.2 on secondary adoption. 
5. Resource availability 
This concerns two issues, the first being organizational restructuring. At the time of the 
interviews, the Defence Logistics Organisation was going through a reorganization. 
The head of the product data standards team saw this reorganization as an opportunity 
to bring the ownership and management of all the STEP APs used in the MoD under 
the control of the product data standards team and explained, "If we can get the new 
reorganization done properly then we ought to own all of those [APs] as well. We 
might not develop them but we would own them as a focal point". This implies that 
reorganization can be used as means to facilitate better management, ownership and 
control of STEP APs. Despite this opportunity, there was still concern and debate with 
regards to how the product data standards team would continue to operate after the 
restructuring. 
The second issue in resource availability relates to resources to support the secondary 
adoption of the standard. This relates more specifically to having a champion or owner 
of the standard within the MoD to promote secondary adoption. In the case of the 
forward uptake of PLCS within the MoD, the members of the product data standards 
team emphasised that the Director of Logistics Information (DLoglnfo) was the person 
who would be key in taking the standard forward. Members of the !PT agreed with this 
and pointed out that successful secondary uptake is dependent on having a champion 
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with clarity of vision that can see the way forward for the standard across the three 
services. At the time of data collection and initial writing of this thesis, there was still 
no clear policy from the office of DLoglnfo with regards to a strategy for the adoption 
of PLCS across the MoD. However, in January 2006 a new project, called the MoD 
Coherence Project, was launched to define the rules, tools and standards that will 
enable the MoD and Industry to accelerate the transformation of end-to-end logistics 
information capability. PLCS was one of the standards considered in this project, and 
details of this new initiative are discussed in Section 9.5.2. One of the 
recommendations of this project is that DLoglnfo and his team be responsible for the 
daily management and control of future work suggested by the project. 
9.2.2 Standard characteristics 
The standard characteristics refer to Rogers' DOl characteristics, namely: complexity, 
compatibility, relative advantage, trialability and observability. Each of these factors is 
discussed below: 
I. Complexity 
The members of the product data standards team described PLCS as complex, which is 
in agreement with statements made by interviewees during data collection for the 
innovation-centric approach. Whether a wider population of stakeholders is in 
agreement with this view was assessed during the workshop questionnaire and is 
presented in Section 9.3.3. 
2. Compatibility 
Like all STEP APs, PLCS can be implemented using modem technologies like XML; 
therefore, the standard is in line with best general commercial practices. The 
importance of XML is verified in the questionnaires. Nonetheless, compatibility will 
also be vital at a secondary adoption level again depending on the IPT or department 
that is to use the standard. 
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3. Relative advantage 
There was unanimous agreement among the interviewees that there was no competing 
standard available that could meet the needs of the MoD. The MoD became involved in 
the development of PLCS because they recognised there was a need to be met and 
PLCS would fulfil that need. 
4. Trialability 
There have been pilots and demonstrations that have taken place to display the benefits 
of PLCS, and these activities have acted as a platform to market the standard within the 
organization. According to the head of the data standards team, the workshop detailed 
in Section 9.3 is the largest promotion and demonstration of PLCS that has been 
carried out so far. There was agreement amongst the interviewees that all 
demonstrations have been beneficial and are important. However, a member of the 
product data team did express that, "there should be a fixed set of presentations from 
the OASIS PLCS technical committee which describes PLCS [in a consistent manner} 
... so that whoever [receives the presentations} will be confident about what [the 
standard] means". The concern expressed here points to the need for a coordinated set 
of presentations to promote the standard. This indicates the need for a more definitive 
marketing strategy for PLCS from within the OASIS technical committee or 
ISO/TC184/SC4. However, as was stated in Chapter Five, efforts are being made for a 
clearer marketing strategy for all SC4 standards. 
5. Observability 
All the interviewees agreed that doing a pre-implementation business case was difficult 
due to the common problem of establishing a current baseline to work from. Therefore, 
it was frequently expressed that the key is to emphasise the enabling power of PLCS. 
Post-implementation, cost-benefit analysis of STEP APs has been done, to some 
extent, on the RAMP project involving AP224. However, with regards to PLCS, 
although some cost-benefit analysis has been carried out in other organizations, as was 
discussed in Section 5.4.1, the organizations involved in producing these figures have 
not made them publicly available. Having these benefits publicly available would be a 
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powerful tool as it could show verified benefits of the standard and would support 
secondary adoption and promotion of the standard within the MoD. 
9.2.3 Environmental characteristics 
The environmental characteristics look at two issues: network effects and support from 
the community. Network effects look at whether the standard is being used in other 
organizations. PLCS has been used as a basis for development of several point-to-point 
interfaces in the UK, Sweden, Norway and elsewhere, and for the LLM POC integrated 
data repository (McCann 2006). In addition to that, the United States Unique 
Identification (UID) Program office is exploring the data exchange possibilities 
enabled by PLCS. There are tools available to use the standard, and consultants like the 
LSC Group and Eurostep are working on projects with the MoD regarding PLCS. 
Indeed, the workshop was a collaborative effort between the MoD and the LSC Group. 
So, there are network effects in place due to the defence community in countries like 
Norway and the USA taking on PLCS. This in turn leads to an increase in the 
proliferation of tools. In addition, there are consultancies such as the LSC Group that 
can support the secondary adoption ofPLCS within the MoD. 
9.2.4 Primary adoption summary 
The issues discussed in this section are used to answer the questions posed in Table 
9.1. From Table 9.1, it is evident that the primary adoption ofPLCS is not in question 
There are a majority of 'Yes' responses, and there is a clear need for the standard and 
the MoD has a policy towards the use of STEP. One of the main organizational 
challenges at the time the interviews were carried out was that the Defence Logistics 
Organisation was going through a reorganization, which meant that coordination of 
efforts surrounding the standard was not as clear as it could have been. However, this 
reorganization is now complete and work continues on the initiatives related to PLCS. 
Another challenge faced by the organization is dealing with the issue of change 
management and coordinating the change efforts associated with implementing 
systems based on standards such as PLCS. Section 9.5 .2 assesses the change issues 
associated with implementing new systems based on data-exchange standards. 
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Table 9.1: Application of the 'Primary Adoption Checklist' to PLCS. 
[Prim~ry a~option ~esti?ns ,,__:--~._~.cc:....:. ' : l!Y~ ] 
,,, otiOiiiiiidOitar CharacteiutiCs' · - · · · :, 
Does the organization have a policy that relates to the standard? Y 
2 
3 
3 
5 
6 
7 
8 
• 
new 
Is there a need for the standard within the organization? 
Are there any external pressures to use the standard? 
Was the organization involved in the development of the standard? 
Is the organization currently free from any re-organization or restructuring initiative? 
Does the organization adapt well to change? 
Is the use of standards prevalent within the organization? 
Is there a key strategic champion for the standard? 
Does the organization have an individual or department devoted to the management of information 
throughout the organization? 
y 
y 
y 
N 
N 
y 
YIN 
y 
~·stiiiiiiQ;(iChfii."(iCiVistiC£'"""_,""., __ ,.~~··~ .. "'"'"' .,~-,"" ... ,..,..~ ...... - .. _.~~-----. --~,..-,_,_,.,_. __ ..,-... .,.., .. - ..... - ......... ..-:·""-M--~~-· ·J 
. ··--~-----~-·- .. ~---··--· -~···--··· . ~-- .. -~.~ -··· -···---"' 
9 Is there a perception that the standard is not complex? N 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
Is the standard compatible with existing infrastructure and technologies used in the organization? 
Is the standard unique in the capability it offers the organization? 
Have any pilots and demonstrations been carried out to show the use of the standard? If so, have they been 
or benefit? Y I N 
Have the benefits of the standard been verified internally within the organization? 
Have the benefits of the standard been verified externally by any other user of the standard? If so, have 
they been made available? Y IN 
Is the standard being used in any other organization? 
Are there tools available to implement the standard? 
Are there consultants available to support adoption and implementation of the standard? 
Does the standard have a website or other form of central outlet that enables potential adapters to find 
information about the standard and current developments? 
Is there a compelling business case for the adoption of the standard that allows all stakeholders to identify 
the benefits? 
Have key decision makers •bought into' the idea of using the standard? 
y 
y 
y 
N 
y 
y 
y 
y 
y 
y 
YIN 
The other key challenge is having buy-in for the standard at the top level to promote 
and support effective secondary adoption of the standard. A yes/no response has been 
given to the question relating to having a strategic champion because though there has 
been some commitment form senior management that has resulted in pilots like the 
LLM Proof of Concept, and suggestions have been made regarding who should be 
responsible for taking the various initiatives forward, there is still no definitive answer 
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to this question at the present time. Therefore, in summary, the issue is not whether 
there will be primary adoption of PLCS within the MoD, the main issue relates to 
getting a strategy in place to effectively manage and promote the secondary adoption 
and use of the standard within the MoD. If this issue is not resolved, data-exchange 
standards like PLCS will not get effectively adopted within the MoD. 
9.3 Secondary Adoption: Investigation of Issues Surrounding the 
Diffusion of PLCS within the MoD 
Although this was not the original focus of the study, it seems that secondary adoption 
is the main issue surrounding the adoption of data-exchange standards within the MoD. 
To establish the specific nature of the issues relating to secondary adoption, data was 
collected from a workshop run by the MoD that demonstrated the use of PLCS for 
systems integration. The data collected during the workshop included a full list of all 
the questions and concerns raised by the aitendees of the workshop. In addition, a 
questionnaire was administered at the end of each workshop to establish the attendees' 
attitude towards PLCS and the impact the workshop had on their attitudes. This section 
starts by giving an overview of the workshop and then details the main issues and 
concerns that were raised from the questions and comments made during the workshop. 
The final section presents the results of the analysis of the questionnaire. 
9.3.1 Workshop overview: Aim of the Lean Logistics Model Proof-of-Concept 
Workshop 
The purpose of 'Lean Logistics' in the context of the Defence Logistics Organisation 
(DLO) change program implies the complete elimination of waste so that all activities 
along the defence supply chain add value (LSC Group 2006). To support this, LSC 
Group is currently involved in a number of initiatives, one of which was creating a 
Lean Logistics Model (LLM). The objective of the LLM was to bring together 
information from supply management systems, and engineering and asset management 
systems, into one single, coherent and consistent repository that is based on open 
neutral data standards, the primary standard being PLCS. 
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The Lean Logistics Model Proof of Concept Confe rence Room Pi lot was run as a 
seri es of workshops sponsored by MoD Corporate Technica l Serv ices. The a ims of the 
workshops were: 
a. To demonstrate the role new technologies and internati ona l infonnation 
standards can play in delivering new ways of working. 
b. To evaluate what has been achieved by the Proof of Concept. 
c. To identify opportunities fo r implementation of the Lean Logistics 
Mode l. (Edwards 2005) 
T he basis for the development of the Lean Logistics Model Proof of Concept (LLM 
POC) was the Through-Life Information Value Stack shown in Figure 9.2. The va lue 
stack emerged from work ca rried out by the joint MoD/ Industry, T hrough-Life 
Management Group (S ioss 2005). A detai led exp lanati on of the value stack can be 
fo und in the LLM POC project development report (S ioss 2005). 
KnowledQe ManaQement 
Business Enterprise Portal 
Workflow - BPM - TLM 
Coherent and Relevant Report 
KPIIdentification 
Figure 9.2: Through life information value stack (Sloss 2005) 
Value 
Stack 
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The value stack represents the steps that need to be taken to enable infonnation to be 
ful ly exploited by moving data co llected from disparate systems into an integrated 
repository, where there is a common understanding of the meaning of data elements. 
Information management capability and functiona lity is built on top of the repository, 
and culminates in a knowledge management capability that is coherent throughout a 
business community. Figure 9.3 shows a top-level view of the system designed against 
the value stack. The four main layers of the system correspond to the value stack as 
follows: 
o Donor systems and transactional systems - CADMID Collection 
o Data integration layer - Repository and document 
o Business layer- Business Intelligence and modelling, KPI identification 
o Presentation layer - Coherent and relevant report, workflow and business 
enterprise portal. 
p,.Mnmtlon 
L.tyer 
Buslnen 
LAyer 
Date 
Integration 
Layer 
Collaborative Working Environment 
lntegra1ed Enterprise Repository 
Tf!IODI 
-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
,-----~-----------~------------r---t, 
Donor 
Systems 
r......-
-
Figure 9.3: System developed for the LLM POC based on the value stack 
(Sloss 2005) 
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During the actual workshop, the functionality of the LLM POC system was 
demonstrated through a series of scenarios. The scenarios were used to demonstrate the 
business benefit that could be achieved by the exploitation of the repository. The 
developed scenarios covered: narrative fault reporting, obsolescence management and 
enterprise performance management. Data to perform the scenarios was obtained from 
the nine donor systems shown at the base of Figure 9.3. There were four supply 
management systems, three engineering and asset management systems, a technical 
publications system and an obsolescence management system. 
The LLM POC was demonstrated to 21 I people between February and April, 2005. 
Attendees at the workshop sessions ranged from the Chief of Defence Logistics and 
Chief of Defence Procurement to !PT desk officers. During the workshops attended by 
the author, all questions and concerns raised by the attendees were recorded by the 
author of the thesis and are presented in the next section. 
9.3.2 Observations: Emergent questions and concerns 
The questions and comments raised during the workshop were noted during each 
session. At the end of each week a complete list of all questions was documented by 
the author of the thesis and distributed to all members of the LSC Group POC team. 
Some members of the team then formally categorised the observed questions and 
comments under five headings for a formal MoD report (Edwards 2005). These five 
headings are duplicated here to present a summary of the main questions asked. The 
headings are: 
1. PLCS related questions 
The PLCS-related questions can be broken down into six main areas. 
a. What it is? - These questions mainly revolved around what PLCS is and the 
difference between PLCS and STEP. 
b. How long it took to develop and publish? - There were a number of questions 
relating to how long and whether the standard has been published. 
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c. The general uptake of PLCS - A number of attendees were curious as to whether 
PLCS had been adopted elsewhere, particularly in the US Department of Defence. 
d. The relative advantage of PLCS - Some of the attendees inquired as to whether the 
LLM POC could have been done without PLCS. The LLM POC team pointed out 
that though it could be done, there was extra benefit from working with open 
neutral standards like PLCS. 
e. Compatibility ofPLCS as it evolves and is revised. 
f. Mapping exercise- Numerous questions were asked about whether all product data 
could be mapped to PLCS. The LLM POC team explained to the attendees that all 
the main features of product data for the life cycle of a product are covered by 
PLCS, and additional sections, particularly relating to geometry and design data, 
are covered by other APs in the STEP standard. In addition, questions were raised 
with regards to how long mapping takes (in terms of the nine donor systems used in 
the conference room pilot, mapping took six months). A final point was made about 
updating mappings when changes are made to the donor systems. 
2. Donor system questions 
There were numerous questions relating to the donor systems. The main question was 
in relation to how over 200 MoD donor systems would be integrated into the 
repository. However, what was made clear to the attendees was that the integration of 
donor systems would be driven by business requirements and only where positive 
benefit can be identified. 
3. Technical (System and Data) questions 
The next set of questions were classed as technical questions, and related to the main 
system. The questions raised related to the following issues: 
o Bandwidth requirements 
o Refresh rates and feedback to donor systems 
o Off-line access to information 
o Software packages used by LLM POC 
o Why the POC will succeed where other projects have failed 
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o How access can be managed, especially on multi-national projects 
o The link between this systems and other MoD technology initiatives 
o !PR issues surrounding ownership of data 
o Data cleansing issues 
o Data security 
All these issues are common concerns that emerge with the implementation of any 
integrated database, and are commonly cited in literature surrounding integrated 
databases (Lin and Brown 2000; Hemandez and Stolfo I 998). 
4. Business issues questions 
The business issues questions covered the following: 
o Specifics about the scenarios 
o Impact of the system on business processes 
o SME involvement with the system 
o Business benefits of the approach 
o How to include the concepts ofLLM POC within a contract 
o Mandating the system 
o Deployment of the system on the battlefield 
o The fit ofLLM POC with MoD strategy 
o Understanding the value stack 
o The reactions of top-level management to the presentation. Many of the 
attendees wanted to know how the top-level management viewed the workshop. 
One of the main business questions was whether the MoD was going to mandate 
PLCS. Some of the attendees advocated that the standard be mandated, in order to 
make it easier to get their industry partners to use the standard. However, at the time of 
the workshops, the standard was still described as being the preferred choice in the 
MoD Support Solutions Envelope. Therefore, another option could be justified because 
PLCS was still not mandated. Nonetheless, the head of the product data standards team 
often explained during the workshops that there were steps being taken to review the 
policy. 
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5. Future considerations 
The final set of questions related to the way forward from the LLM POC. The key 
questions asked were with regards to where the project goes from here. The main 
issues raised were with regards to funding and the steps senior officials will be taking 
to drive the project forward. 
A full list of the questions can be found in Appendix D-3. There were many responses 
given to the different questions, and a full list of responses can be found in the LLM 
POC Conference Room Pilot user evaluation report (Edwards 2005). Nonetheless, 
what emerged during the workshop are some of the key issues surrounding secondary 
adoption of PLCS within the MoD. The next section looks at the responses given to the 
questionnaire developed and administered by the author during the workshop. 
9.3.3 Questionnaire results: Attitudes towards PLCS and the impact of the 
workshop on end-user attitudes 
At the end of each workshop session, a questionnaire was given to the attendees. A 
copy of the questionnaire used can be found in Appendix D-1. The questionnaire was 
designed to retrieve information about user attitudes and perceptions of data-exchange 
standards such as PLCS and the impact the workshop had on their attitude. The 
propositions this questionnaire sought to verity were: -
Proposition 1: The participants of the workshop have a positive attitude towards data-
exchange standards such as PLCS. 
Proposition 2: Workshops are helpful in altering attitudes towards standards. 
Proposition 3: There is a difference in attitudes towards data-exchange standards 
between different categorical groups. 
Proposition 4: The workshop attendees have identified the benefits of using data-
exchange standards like PLCS 
Proposition 5: The workshop attendees perceive the standard to be complex. 
Proposition 6: The workshop attendees perceive PLCS will limit the way they can do 
their work. 
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Proposition 7: It is important to the workshop attendees that data-exchange standards 
like PLCS are implemented using XML. 
Proposition 8: The workshop attendees' attitudes towards the use of a standard are 
dependent on the wording used to describe the standard. 
There were 211 attendees at the workshop over the entire period, and the total number 
of collected questionnaires for the research was 140. This represented 66.4% of the 
total attendees; a higher number was not achieved because the author was not able to 
attend every workshop session. However, in the sessions the author did attend, all but 
five workshop attendees filled in questionnaires. The analysis presented in this section 
is based on the number of questionnaires returned and the questions answered. Where 
respondents missed a question, these results were described as 'missing' within the 
SPSS tool used to analyze the data. 
A number of background steps were taken before data analysis was carried out, 
I. Negatively worded items were reversed, which meant the responses to questions 6, 
8, 9, 11, 13 and 16 were reversed. This was done so that when describing the 
analysis, higher responses or scores indicated a more positive attitude. 
2. All responses from question 5 to 16 were added together to find the total attitude 
value for each interviewee. Therefore a new variable TotalAttitude was created to 
indicate the total attitude score for each respondent of the questionnaire. With the 
Likert response scale ranging from I to 5, the lowest possible negative attitude 
would be 12 (I x 12 questions) and a highest possible positive attitude would be 60 
(5 x 12 questions). The following range was created to categorise the results: 
~ 12 to 21 -very negative 
~ 22 to 31 -negative 
~ 32 to 40- average 
~ 41 to 50- positive 
~ 51 to 60- very positive 
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Pallant (200 I) suggests that the choice of statistical techniques can be determined 
depending on whether a researcher is seeking to explore the relationship among 
variables or to explore the differences between groups. In addition, the choice of 
statistical technique is also determined by whether a researcher chooses parametric or 
non-parametric statistical techniques. Parametric techniques are more powerful, but 
have assumptions that make them more stringent. If the assumptions are not met, one 
alternative is to use a corresponding, non-parametric technique. An additional 
categorisation is in relation to the nature of the variables used in the study. In this 
categorisation Pall ant (200 I) lists three main categories: 
I. Categorical: In this research there are seven categories, namely: 
• Whether the individual is a PLCS developer (Yes or No) 
• Whether the individual is a PLCS implementer (Yes or No) 
• Whether the individual is an implementer or developer of any other data-
exchange standard (Yes or No) 
• Whether the individual has been to other pilots for data-exchange standards 
(Yes or No) 
• The managerial role of the individual (Senior/board-level management, 
Other-level management, Non-managerial) 
• The technical ability of the individual (Mostly technical, mostly non-
technical) 
• Whether the pilot had impacted their opinion or not (Yes or No, if Yes are 
they more favourable or less favourable?) 
2. Ordinal: A Likert scale was used to measure attitudes. Therefore, all the responses 
to the attitudes statements are ordinal variables. This enabled the additional ordinal 
variable, TotalAttitude, to be created to represent the total scores of the attitude 
questions for each respondent. 
3. Continuous: There were no continuous variables. 
The choice of statistical techniques is based on these three main categorisations, and 
Appendix D-4 presents a table, which summarises the main techniques according to 
these categorisations. As there are only ordinal and categorical data, only non-
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parametric tests are appropriate for this research. As Pall ant (200 I) explains, "Non-
parametric techniques are ideal for use when you have data that are measured on 
nominal (categorical) and ordinal (ranked) scales". However, there is much debate 
within the statistical world with regards to the issue of parametric versus non-
parametric analysis of the Likert scale scores. Dawis (1987) and Adams et al. (1965) 
address this debate, and the majority perspective is that parametric tests should only be 
used where the ordinal scale has more than five categories. Nonetheless, some authors 
argue that exceptions can be made and parametric tests can be used in cases where the 
scale is five or less if the population size is very large, at least above 400. In this 
research, since the ordinal scale had only five categories and the size of the population 
is limited to 140, non-parametric tests were used, where appropriate. Using the chosen 
statistical tests, the eight propositions were verified, and the results are presented in the 
remainder of this section. Appendix D-2 provides additional statistical information 
relating to each proposition. 
Proposition I: The participants of the workshop have a positive attitude towards 
data-exchange standards such as PLCS. 
This proposition was put forward to establish if the attendees of the workshop had a 
positive attitude towards the standard. As was noted in Section 6.2.1, positive attitudes 
have a positive impact on user acceptance of a system. Therefore, to verify this 
proposition, descriptive techniques were used to determine the median of 
Tota!Attitude. Tota!Attitude being the summation of the results of question 5 to 16 for 
each individual, and the median is determined from the bar chart shown in Figure 9 .4. 
From the results shown in Figure 9.4, the median is 44. These results are based on the 
responses of 138 valid cases, as two cases were missing data. Using the range 
described in the introduction to this section, a median of 44 indicates a generally 
positive attitude towards data-exchange standards like PLCS. What needs to be 
established is if this positive attitude was influenced by the workshop, and if this 
attitude varies among different groups. These issues are addressed in the next two 
propositions. 
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Figure 9.4: Bar chart of atLitudes towards PLCS 
Proposition 2: Workshops are helpful in altering atlitudes towards standards. 
Idea lly this proposition would have been answered by taking the end-users attitudes 
before and after the workshop. However, it was not possible to administer a 
questionnaire at the beginning of the workshop, so the attendees were asked to 
determine if the workshop had impacted thei r attitude to data-exchange standards, 
which was question 20 in the questionnaire. Question 20 has a part ' b' that asked the 
attendees who had been impacted by the workshop, if the workshop had made them 
more or less favo urab le toward the standard. Again, to verify this proposition, a 
descriptive test was performed. The simple descriptive test carried out revealed that 95 
of the 140 (67 .9%) respondents ind icated that the workshop had impacted their 
attitude. Of the 95 respondents, 94 said the workshop had made them more favourab le 
towards the standard with the remaining respondent not giving a response to th is 
question. Therefore 98.9% who were impacted were more favourab le towards the 
standard. This result shows that the workshop was helpfu l in altering attitudes toward 
the standard. This result was expected, and confirms the findings in Sections 5.4.1 and 
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6.2.3, which indicate that pilots and workshops are important in facilitating the 
adoption and diffusion of a standard. However, 45 respondents indicated that they had 
not been impacted by the workshop. The next proposition postulates that there are 
significantly different attitudes among different categorical groups. 
Proposition 3: There is a difference in attitudes towards data-exchange standards 
between different categorical groups. 
Six of the category groups were assessed using the Mann-Whitney U test, which is 
used to compare the medians of two different groups. The median of the Tota!Attitude 
variable of each category group was used, and a significant difference in attitude is 
shown when Sig. (2-tailed) or pis equal to or less than 0.05. The results of the different 
groups were: 
IJ PLCS developers and non-developers (question I) 
The Mann-Whitney U test used to compare the attitude towards PLCS for PLCS 
developers and non-developers revealed that there was a significant difference 
between the attitudes of PLCS developers (Median = 46.50) and non-developers 
(Median = 44, p=O.OI5). The developers were more favourable towards the 
standard than the non-developers. This result was expected given the developers 
close involvement with the standard. 
o PLCS Implementers and non-implementers (question 2) 
The M ann-Whitney U test used to compare the attitude towards PLCS for PLCS 
implementers and non-implementers revealed that there was a significant 
difference for PLCS implementers (Median = 46) and non- implementers (Median 
= 44, p=0.046). The implementers were more favourable towards the standard than 
the non-implementers. Again, this was expected given the implementers close 
involvement with the standard. 
o Whether they are an implementer or developer of any other data-exchange 
standard or not (question 3) 
The Mann-Whitney U test used to compare the attitude towards PLCS between 
developers or implementers of other data-exchange standards and non-
developers/implementers revealed there was a significant difference between 
247 
Chapter 9 - PLCS Adoption: Adopter-centric 
developers/implementers (Median= 46) and non-developers/implementers (Median 
= 44, p=O.Ol2). The developers/implementers were more favourable towards the 
standard than the non-developers/implementers of other data-exchange standards. 
This was expected given the developers/implementers exposure to other data-
exchange standards. 
o Whether the individual has been to other pilots for data-exchange standards 
or not (question 4) 
The Mann-Whitney U test used to compare the attitude towards PLCS between 
individuals who attended other data-exchange standard pilots and those who had 
not revealed there was a significant difference between those who had (Median = 
47) and those who had not (Median = 44, p=0.023). Those who attended other 
pilots had a more favourable attitude that those who had not. This result was 
expected due to the fact that proposition two had indicated that the workshops had 
made some of the attendees more favourable to the standard. 
o Technical ability (question 19) 
The Mann-Whitney U test used to compare the attitude towards PLCS for 
individuals whose job role was mostly technical and those whose job role was 
mostly non-technical revealed there was no significant difference for mostly 
technical (Median = 45) and mostly non-technical job roles (Median = 44, 
p=!.OOO). However, this result may have been influenced by the impact of the 
workshop on the attendee's attitudes towards the standards. 
o Influenced by the current workshop (question 20) 
The Mann-Whitney U test used to compare the attitude towards PLCS for those 
who were impacted by the workshop and those who were not, revealed there was 
no significant difference for those who were impacted (Median = 45) and those 
who were not (Median = 44, p=0.65). This result shows that the remaining 45 
attendees who were not impacted by the workshop already had a positive attitude 
towards the standard. This could be explained by the fact that 22 of them had had 
exposure to PLCS and other data-exchange standards. The remaining 23 of the 45 
had not had any exposure to PLCS or other data-exchange standards but still had a 
positive attitude. These results show that the workshop had a positive impact on 
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attitudes towards data-exchange standards like PLCS. Some of the interviewees in 
the product data team believed that this was due to two factors: 
• 
• 
The focus that was given to the enabling capability ofPLCS 
The hands-on opportunity that was given to the attendees during the 
workshop. 
CJ Managerial role (question 18) 
The seventh categorical group was tested using the Kruskal-Wallis test. This test is 
used when a categorical variable has three or more levels. In this case the 
managerial roles are broken into three levels so this test is appropriate. In the 
Kruskal-Wallis test scores are converted to ranks and the mean rank for each group 
is compared. The results suggest that there is no significant difference in the 
attitudes between managerial responsibilities because the Kruskal-Wallis 
significance level is 0.202 which is greater that 0.05. Again, this result may have 
been influenced by the impact of the workshop on the attendee's attitudes towards 
the standards. 
The results show that the workshop contributed to most of the attendees having a 
generally positive attitude to the standard. This attitude varies amongst developers and 
implementers of PLCS and other data-exchange standards, and non-developers and 
implementers. In addition, attitudes varied amongst those who had attended other pilots 
and those who had not. Again this points to the fact that they had had previous 
exposure to data-exchange standards and would therefore more readily identify the 
benefits of the standards. This is to be expected since they have close involvement with 
the standard. The remaining three categories indicated no significant difference in 
attitude, and this can be explained by the impact of the workshop on their attitudes. 
Proposition 4: The workshop attendees have identified the benefits of using data-
exchange standards like PLCS 
The results shown in Figure 9.5 are from the response to question five on the 
questionnaire. What emerged was that over 99.3% of the attendees see benefit in using 
data-exchange standards like PLCS for integrating systems. Interestingly only one 
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attendee disagreed, and on further analysis it emerged that the person was a developer, 
which suggests the developer may actually have developed a dislike for the standard . 
There are benefits in using data-exchange 
standards like PLCS 
Strongly disagree 
Agree 
Strongly Agree 
Figure 9.5: Respondents attitudes to the statement 'there are benefits in using PLCS' 
Question six of the questionnaire explored a different aspect of the same issue 
addressed in question five. Question six sought to establish if the attendees cou ld see a 
significant difference between the benefits of standards based and non-standards based 
system integration. I 04 (74.3%) of the respondents be lieved that there was a 
significant difference between the benefits of standards based and non-standards based 
system integration as is shown in the pie chart in Figure 9.6. Only 7. 1% di sagreed with 
th is view. This points to the fact there is genera l agreement that there are benefits in 
using data-exchange standards like PLCS for systems integration. 
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There is a significant difference between the benefits of 
standards based and non-standards based system 
integration 
126.4%1 
disagree 
e 
F igure 9.6: Respondents allitudes to whether there are benefits in using standards 
based system integration over non-standards based system integration 
Proposition 5: The workshop attendees perceive the standard to be complex. 
Only 89 of the attendees answered question seventeen in the questionnaire, si nce it was 
added halfway through the workshop. lt was apparent that a slightly larger proportion, 
33.6%, agree with the idea that PLCS is complex rather than disagree, 22.4%. A 
summary of this is shown in the pie chart in Figure 9.7.The fact that these potential 
end-users think the standard is complex may not have a negative influence because, as 
was mentioned in the interviews in Chapter Five the standard will be hidden from the 
end-users, because software vendors will develop tools based on the standard . 
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trongly agree 
gree 
Neither 
Disagree 
trongly disagree 
Figure 9.7: Respondents atLitudes to whether PLCS is complex or not 
Proposition 6: The workshop attendees perceive PLCS will limit the way they can do 
their work. 
What emerged was that 80.7% disagreed that PLCS wou ld restrict the way they do 
their work, and they saw the standard as an enabler rather than something that will 
limit the way that they work. Nonetheless a small percentage, 2.8% agreed with this 
view. Therefore, the observations made by some of the interviewees in Section 6.3.4 
were not completely unfounded. However, overall, th is resu lt shows that there is an 
understand ing of the benefits of data-exchange standards like PLCS that are enablers of 
new ways of working. A summary of the findings is shown in the pie chart in Figure 
9.8. 
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PLCS will limit the way I do my work 
Figure 9.8: Respondents altitudes to ·whether P LCS will limit the way Lhey do their 
work 
Proposition 7: It is important to the workshop attendees that data-exchange 
standards like PLCS are implemented using XML. 
A large proportion of the respondents neither agreed nor disagreed with this v iew, and 
this shows a possible lack of understanding of XML technology. onetheless, there 
was a slightly larger proportion, 29 (20.8%), who disagreed with the need for XML 
than the 13 (9.4%) who agreed with this view. This cou ld possibly be attributed to the 
understanding the stakeholders have about the enabling benefits of PLCS, and the fact 
that these benefits are not dependent on the use of XML. However, Section 5.4.2 
highlighted the fact that adoption of a data-exchange standard can be hampered if the 
standard is not implemented using mainstream technologies like XML. A summary of 
this is shown in Figure 9.9. 
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PLCS is only worth using when implemented using XML 
1 69.8% 
trongly agree 
gree 
either 
isagree 
trongly disagree 
Figure 9.9: Respondents allitudes to whether PLCS is only worth implementing using 
XML 
Proposition 8: The workshop attendees' attitudes towards the use of a standard are 
dependent on the wording used to describe a standard. 
The a im of th is proposition was to verify the opinion held by some interviewees that 
some potential users of data-exchange standards are reluctant to come on board 
because the wording used to describe standards, including the word ·standard ' itself or 
ISO. were the cause of some of the negative views held . To verify this proposition, 
results were assessed according to whether the respondents were developers or not. 
This was done because there was a significant difference between the attitudes of 
developers and non-developers. Three statements were made and the attendees were 
asked to agree or disagree w ith the statements using a fi ve-point Likert sca le. The three 
statements were: 
o I think it is important that systems integration is based on commonly agreed 
data meanings 
254 
Chapter 9 - PLCS Adoption: Adopter-centric 
o I think it is important that systems integration is based on a data-exchange 
standard 
o I think it is important that systems integration is based on an ISO data-exchange 
standard 
Each of these statements represented a different way to describe an ISO data-exchange 
standard. A summary of the findings is found in Table 9.2. The medians reveal that 
developers did seem to have stronger agreement when the words 'standard' and 'ISO 
standard' were used and this could be due to their exposure to ISO data-exchange 
standards. However, on hindsight and further reflection of the statements, it became 
evident that the statements were not worded in the best way to verifY the proposition. 
The different terminologies were deemed very subjective depending on the background 
of a respondent. For example, one developer indicated that he was contrasting the 
terms 'common data meaning' and 'data-exchange' standards on a technical level, and 
not in the way the statements were intended. Therefore, as detailed in Section 10.3.3, 
more research is required to establish a methodology to better verifY and examine the 
issue surrounding the terminology used to describe a 'standard' and how that has an 
impact on user attitudes towards a standard. 
Table 9.2: Summary of responses to different standards terminology 
berminolo~ .. ] 
r Comnion data 
[meanings _ 
:::;:ianc.e. ·~.··:· ... ]. · 
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' ISO data-exchange 
I standard L .. .......:_. __ ~ 
Non-PLCS ileveloper. ' 
Median 
• 
.. 
-_J 
4 
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4 
9.3.4 Summary of findings from workshop 
PLCS developer· . 
:Median 
. ' 
'' 5 . 
4 
Through the observations made during the workshop, the concerns of the different end-
users were established and they were classed around five main topics, PLCS, donor 
system issues, technical issues, business issues and the way forward for the standard. In 
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addition, the questionnaire revealed the general attitude of the end-users, the benefits 
they identified in using data-exchange standards like PLCS, and some of the specific 
issues they consider with regards to use and perceptions of the standard. All these 
issues provide a means by which the secondary adoption questions on the checklist can 
be answered, and the next section looks at this. 
9.4 Secondary Adoption: Application of the Checklist 
Secondary adoption looks at the diffusion of a standard within an organization. Using 
data from the workshop, the interviews carried out and data from a report published by 
the recently completed MoD Coherence Project, the secondary adoption of data-
exchange standards such as PLCS within the MoD is assessed. The Coherence Project 
was formally launched on the 16th of January 2006 to define jointly with Industry the 
rules, tools and standards that will enable the MoD and industry to accelerate the 
transformation of the end-to-end logistic information capability. The aim ofthe project 
being to: "Define a joint target architecture underpinned by common processes, 
standards, information flows and measures of information performance; together with 
an agreed compliance regime". A high-level review of the available information 
standards was carried out to provide an initial assessment of the standards applicable to 
the generic functions of Engineering and Asset Management and Material Flow. The 
findings recommended: PLCS as the applicable standard for engineering and asset 
related information; OAGIS 9.0 as the applicable standard for Material flow 
transactions and ASD SI OOOD as the applicable standard for technical documentation. 
The secondary adoption questions are answered in Table 9.3. Two additional responses 
have been added to the table. The first is a 'R', which represents situations where a 
recommendation has been made in the Coherence Project final report regarding a 
particular question. The second new response is 'NK' which represents a situation 
where a response to a question is not known because data is not available to give a 
conclusive response. 
From the table it is evident that some of the responses to the questions are not yet 
known so there is future work to de done to evaluate secondary adoption. However, the 
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issues surrounding each of the answers to these questions are discussed below using the 
categorisation that emerged in the model shown in Figure 6.2 in Chapter Six. The main 
categories are managerial intervention, department attributes, individual attributes and 
standard and standard community attributes. 
Table 9.3: Application of 'Secondary Adoption Checklist' to PLCS. 
r~~co•n~a~~,~-~~~o~:~~---~,-~~ .. -~'f'''~~~ ~=~-=~-~~:~~---~·-·=~·-~-~-~~~---M~O--··-~:~· =,-~~~-~~·~'] 
pw~en&i1D'terveritio~~ ,.,..~--~ ..,.,___..~ ....... ~--~-~::_-~~-,--- -< J 
I Is there a policy relating to the standard that impacts the adoption of the standard within the Y,R 
department? If so, is there a choice of whether to use the standard? Yes 
2 
3 
4 
5 
Is funding being made available to facilitate adoption of the standard throughout the 
organization? 
Is training being made available to facilitate adoption of the standard throughout the 
organization? 
Is there a team of people devoted to promoting the standard throughout the organization? 
Have any pilots and demonetisation been carried out to show the use of the standard? If so, 
have they been of benefit? Yes 
R 
NK 
R 
y 
rne;;artmentattrlbutes . . .-: - -~~ ·. -.... _·-':· '.-~~~~ ..... ·· •.. : ..... ' .. ·-------.--~-.--~_:,,_·, .. , L'-·"'•·--·••••·-----·~·'''' ·~'"'"'"'"'-''~ ..... '"'"' ·~'"•-'~----•--·-"-"-"-•w«~..;.,,.,.,~,,--,.,""-'••~ ,_,,.,_,,.,:,,,,.~._.·~.~-~'-"" ""' ·~n +• - __ ,_, . .., -·- ·- ;1 
6 Does the implementation of the standard offer direct benefit to the department? Y 
7 
8 
9 
Is the standard compatible with existing infrastructure and technology within the department? 
Does the department have any external business partners? 
If so, are these business partners positive towards the use of the standard? NK 
Does the organization or department have a standards licence, which will allow implementers to 
access the standard? 
I 0 Does the department adapt well to change? 
NK 
y 
NK 
NK 
[l~~!~Uiii attributes_: "'-"-'--'"h-•.•. , .. ~---~--=---~~-~---J. --~-~~-: ·. _ *:.:~~=~=---~-~-~~~~~~-] 
11 Is the use of the standard compatible with individual end-users current ways of working? NK 
12 Does the end-user understand the benefits of the standard? y 
[!~~~~~~~~· ··~~-~~--~-·-·-~~ri~"-··~-·---~·~ .. ~.~~~-~~~~--~~.~-... ~--=~--~-~.:J 
13 Is there a positive perception in relation to whether the standard is complex or not? N 
14 Have all remaining parts of the standard that directly impact the implementation of the standard N 
been finalised or developed? If not, what remains to be finalised? DEXs and Reference Data 
rst'aii'd8rd'SCOmmunity attributes 
.. ·-·-- .. ~..- --..-~ .. ..--:-.. ~-······ ..,.,._., __ _...._ _____ ~_ 
IS Do implementers of the standard have a forum to discuss their challenges and successes with N 
other implementers? 
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9.4.1 Managerial intervention 
Managerial intervention covers three issues: the authoritative decision, funding and 
support. With regards to the authoritative decision, this topic was constantly raised 
during the workshop and is an issue that caused much discussion in the interviews. The 
fact that the standard is the preferred choice means that IPTs cannot force their industry 
partners to use the standard. However, the head of the product data standards team 
pointed out that the change by the MoD to move 'from provider to intelligent decider' 
means that industry will be more responsible for the data about and related to products 
and, as a consequence, standards will be vital to industry. Industry will see the benefit 
of this due to these new arrangements. The !PT leader interviewed said that it would 
be desirable for the standard to be mandated. However, the issue comes down to who 
will pay for it, or in other words, who will cover the costs of mandating it. Indeed in 
the Coherence Project final report (McCann 2006) the following statement is made, 
"The potential benefits to be derived from the adoption of open standards for 
information exchange can only be realised through mandation of the standards". The 
report goes on to specifically recommend that an authoritative policy regarding the 
man dation of the standards be established through appropriate channels, with emphasis 
placed on mandating the standards both within the MoD and up to and including the 
Industry boundary, in order that the benefits of the project can be realised. 
Funding was another key issue that came up during the workshop and the main 
question was whether IPTs would have to pay for the implementation of the standard 
from their own budgets or would commitment to see widespread adoption come from a 
central push. This lack of resources and funding was identified in the Coherence 
Project as a major barrier to the investing in projects that could save money across 
Defence Logistics. 
The final main point relating to managerial intervention is support through training. 
Members of the !PT and the IPT leader interviewed all agreed this was vital for the 
successful uptake of systems based on the standard. Training that is coordinated could 
also be used to ensure that communication about activities relating to the standard 
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would be systematically disseminated through the organization. In light of this, having 
a strategy or policy that is managed through a specific department or team will be key 
to coordinating the communication efforts, so that mixed messages do not stream 
through the organization. Indeed, one of the product data teams pointed out that all 
these efforts need to be coordinated by DLoglnfo. Therefore, until that coordinated 
view is finalised, implementation will be a challenge, a clear strategy and program still 
needs to be finalised. One of the product data standards team explained that, "One of 
our tasks is to write a programme of awareness. I do not know how you do that, and 
whether you go to every single !PT [to do the program of awareness] ... we should have 
a marketing strategy - but we do not, based on the fact that there are only four of us. 
There needs [to be] prioritisation of what we are doing and maybe marketing is more 
important than development [of the standard}". This ties in with the issue of marketing 
the standard within the MoD to promote secondary adoption of the standard. The 
Coherence Project final report addressed some of these issues and they are briefly 
discussed in Section 9.5.2. In the report, recommendations have been made regarding 
marketing and promoting the initiatives based around the standards, using short-term 
and long-term strategic work plans. 
9.4.2 Department and individual attributes 
This section looks at how department and individual attributes impact the secondary 
adoption of data-exchange standards within the MoD. The majority of the data that was 
used for this section was obtained from a group interview carried out with an !PT 
leader who had attended the workshop and four members of his team. 
The main departmental and individual attributes that impact secondary adoption, that 
emerged in Chapter Six also emerged in the data in this section and can be summed up 
in these four issues: 
I. Attitudes towards change 
2. Attitudes towards standards and information 
3. Whether the standard offers direct benefit to the department or individual 
4. Industry partners' buy-in 
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'Attitude towards change' deals mainly with resistance to change. At a department 
level there may be resistance because of the reluctance of some departments or IPTs to 
change their current ways of working, but as the head of the product data standards 
team stated, "You cannot implement STEP without process change, or any standard 
without process change". This will cause some departments to be resistant where they 
want to keep their current ways of working. The IPT leader also pointed out that the 
individualistic nature and attitude of some departments or IPTs can cause them to be 
reluctant to come on board. He described the scenario that some IPT leaders have 
where they say, "This works for me. I do not care about [the rest of the MoD]. Do not 
bother me. It works, and I do not care about what is happening elsewhere". The leader 
went on to explain that, "The attitude is further enhanced by the modern way of doing 
business in individual IPTs that are now starting to set their own rules, and are now 
starting to have support arrangements which are different and perhaps partnered with 
industry. This breeds a very stove-piped culture". However the IPT leader interviewed 
went on to point out that, "! think we are quite privileged because our !PT is not 
[limited to a particular domain] dealing with our own head down problem; we tend to 
be able to see the problem across the different areas". What this shows is that different 
IPTs identify varying benefits from using data-exchange standards, and this will be 
dependent on their service area (land, sea or air) and the function of the IPT. 
The change issues are true at an individual level; one of the IPT team members 
described a scenario where change can be an issue even at the physical moving level. 
In the department where they were working, a person was "in hysterics" because a 
change required them to move to another side of the desk. In relation to PLCS, the IPT 
leader said that people might be resistant to change when they believe the automated 
processes enabled by standards like PLCS will result in a loss of work for them. All 
interviewed said they had experienced or witnessed change issues, and they went on to 
state that it is a key issue for secondary adoption of any innovation within the MoD. 
Indeed, "initiative overload'' was something they agreed was an issue or as one of the 
team put it, "change on change". The head of the IPT explained that sometimes, at an 
individual level, it might just be "lethargy" towards a new initiative. Kegan and Lahey 
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(2002) point out that this 'lethargy' is not necessarily a reflection of opposition to 
change or merely a result of inertia, but an unwitting application of productive energy 
toward a hidden competing commitment. Kegan and Lahey explain that, "The resulting 
internal conflict stalls the effort in what looks like resistance but is in fact a kind of 
personal immunity to change". They go on to give an example of a person's reluctance 
being tied to the fear of not being able to handle tougher assignments, which might 
follow if the new initiative is successfully taken on. In dealing with change issues, one 
IPT team member suggested that it was important to demonstrate the standard and its 
benefits, and explained that, "Afy experience with a depot was, once we demonstrated 
it, within a level of weeks everyone was on board". Therefore, demonstrations are key, 
and moving from conference room pilots to live pilots will be important factor in 
facilitating secondary adoption of data-exchange standards like PLCS. 
The next issue was the reluctance of industry to buy into the initiative. However, 
positive steps have been taken to deal with this. One of the main positive steps was the 
large number of both Industry and MoD stakeholders who were engaged throughout 
the Coherence Project process (McCann 2006). This should assist in securing 
stakeholder buy-in as deliverables from the Coherence Project and subsequent, follow-
on, projects are formally endorsed and mandated. 
9.4.3 Standards attributes 
In a similar manner to AP224 and other STEP standards, the PLCS standard will be 
transparent to the end-user, and when the IPT leader and his team were asked if it was 
important to them to know the details of the standard, they said 'no'. The leader 
pointed out that he drives a car without knowing the specific details of how it works. 
The main issue for him was that his car gets him where he needs to go and he knows 
the basics in how to keep it running. Relating that to PLCS, the team stated that it was 
more important to them to have a system that delivered the capability promised by the 
standard, than to know the details of how the standard works. The specifics of the 
standard become important when the implementers and consultants start developing 
systems and databases around the standard. As was the case in the RAMP project, the 
availability of a support network and implementers forum will be important. This can 
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be a challenge as one of the product data team noted, "Like other [standards] [P LCS] 
has limited take-up so you cannot nip round and see another organization using it, 
because it is a long way away. There is nothing in the UK". Therefore, the 
establishment of an implementer's forum is vital for successful secondary adoption of 
PLCS within the MoD and any other organization looking to adopt the standard. 
The next issue concerns whether all the relevant parts of the standard had been 
completed. As was pointed in Section 8.4.2 the slow progress of the development of 
the DEXs will impact the rate at which PLCS is adopted and may result in missed 
opportunities. Indeed in the Coherence Project final report it was noted that, "The way 
development [of the DEXs] is being managed through OASIS is insufficient to deliver 
fully developed DEXs within the timesciJles required for Defence Logistics 
Transformation". Subsequently, the danger is that other initiatives, which deliver 
possibly less benefit, may take priority if these delays continue, and the efforts of 
initiatives like the Coherence Project could be undermined. 
9.5 Summary and Conclusions 
This chapter has looked at the primary and secondary adoption of PLCS within the UK 
MoD using the adopter-centric standards adoption checklist. This section seeks to 
provide a summary of the key issues that have emerged and assesses the way forward 
for data-exchange standards within the MoD. 
9.5.1 Summary of primary and secondary adoption ofPLCS within the MoD 
Based on the adopter-centric 'Adoption Checklist', the primary adoption of PLCS 
within the MoD is not in question. The MoD has had a clear commitment to PLCS 
from the initiation of the standard, and they continue to be committed to the standard 
today. Therefore, the main prediction is that PLCS will be adopted in the MoD. The 
question is how successful will the adoption be, and whether there will be widespread 
adoption of the standard within the MoD and across the defence supply chain. 
Consequently, the important issues are having top management buy-in and having a 
clear strategy for the way forward that coordinates all the MoD efforts surrounding the 
adoption of data-exchange standards such as PLCS. This was reiterated by the head of 
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the product data standards team who stated that, "/think [the adoption of P LCS] has to 
be a success, and there is no reason why it should not be, so long as we have the 
appropriate management buy-in. Now, if we make it a success as the defence industry, 
then maybe that will be the example for others to buy into [PLCS], and we can sell 
[PLCS] forward from there". Another product data team member agreed with this and 
stated that, "[PLCS] will be successfUl, but the concern is final buy-in from DLoglnfo ". 
Therefore, successful secondary adoption is very much dependent on having a central 
push and only time will tell if this will indeed be the case. The other key issue relates to 
dealing with change management. Dealing with change is important. Indeed one of the 
identified potential barriers that emerged during a Coherence Project brainstorming 
exercise, in March of this year, was the need for cultural change. Therefore, the 
following section assesses the change management issues that need to address. 
9.5.2 The way forward for data-exchange standards in the MoD: Dealing with 
change management 
Dealing with change is vital to any organization, and with the recently completed MoD 
Coherence Project, it was deemed that an important contribution of this research would 
be to assess how the results and recommendations of this initiative measure up against 
the change management steps outlined in the Harvard Business Review on Change 
(Kotter et al. 1998) and the Harvard Business Review on Culture and Change (Munck 
et al. 2002). The field of change management as a whole is a vast research area in 
itself, so the assessment presented in this section is by no means exhaustive. However, 
it offers an initial assessment of the progress being made in the adoption of the rules, 
tools and standards that will enable the MoD and Industry to accelerate the 
transformation of end-to-end (foxhole to factory) logistic information capability. 
In his analysis of over lOO organizations, Kotter (1998) came up with eight steps to 
facilitate successful change in an organization, they are: 
1. Establishing a sense of urgency 
2. Forming a powerful guiding coalition 
3. Creating a vision 
4. Communicating the vision 
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5. Empowering others to act on the vision 
6. Planning for and creating short-term wins 
7. Consolidating improvements and producing still more change 
8. Institutionalising new approaches 
The remainder of this section discusses these actions in relation to the results and 
recommendations that emerged from the Coherence Project. 
Action 1: Establishing a sense of urgency 
This initial step deals with identifying and discussing the crises, potential crises or 
major opportunities related to a change initiative (Kotter 1998). The sense of urgency 
is demonstrated by the three Joint Engagement Group meetings held between 
September and December 2005, where senior MoD officials and heads of defence 
industries jointly agreed the need for a short sharp project to define the way ahead for 
defence logistics information transformation, and this short sharp project was the 
Coherence Project. 
The emphasis of the Coherence Project was on the opportunities to be gained from the 
adoption of rules, tools and standards that will enable the MoD and Industry to 
accelerate the transformation of end-to-end logistic information capability. The project 
developed a jointly agreed Functional Business Process Model with supporting 
standards mapped to the information exchanges. The final report of the Coherence 
Project explains that, "This [Functional Business Process Model] provides an 
unprecedented opportunity to simplifY the way information is exchanged'. The 
Coherence Project brought together a wide stakeholder community with many differing 
views and priorities and produced a robust framework which they believe will pave the 
way for accelerating the development of!S logistics. 
Kotter ( 1998) recommends that information derived from the discussion, such as those 
held over the course of the Coherence Project, should be communicated widely and 
broadly. In relation to the Coherence Project there is now a final report available, 
presentations have been and continue to be carried out, and there are plans to further 
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disseminate information about the project. Therefore, in the case of the UK MoD, the 
establishment of a sense of urgency was evidenced in previous meetings, which 
culminated in the Coherence Project that was formally launched in January 2006. This 
gives evidence that Action I has been fulfilled, and the opportunities have been 
identified and captured in the Coherence Project final report and are being 
disseminated throughout the organization. 
Action 2: Forming a powerful guiding coalition 
This next step looks at the importance of having a powerful guiding coalition, and 
assembling a team with enough power to lead the change effort. Duck (1998) refers to 
it as a transition management team who will commit all their time and energy to 
managing change until the process has stabilised. Kotter (1998) points out that 
whenever some minimum mass is not achieved early in an effort, nothing much 
worthwhile happens. In addition, the team should have a balance oftitles, information 
and expertise, reputations and relationships, with at least 20 to 50 people. 
Now that the Coherence Project has come to an end, a section of the final report is 
devoted to giving recommendations on how the deliverables of the Coherence Project 
are to be owned, and how configuration and changes of the underlying model are to be 
managed and agreed. Therefore, recommendations have been made for a guiding 
coalition. In summary the Coherence Project recommends that the Chief of Defence 
Logistics is the process owner and should be responsible for, "strategic direction of 
logistics at the department level and improvement for operational effectiveness" 
(McCann 2006). The report goes on to suggest that ongoing governance of the output 
of the Coherence Project be managed by two teams, the Through Life Management 
Group and the Joint Information Group. A Steering Group should also be created to be 
responsible for overseeing the development and sustainment of the information 
architecture. In addition, they recommend creating wider user-stakeholder engagement 
forums, to keep the momentum of the gains made in the Coherence Project, and to 
facilitate buy-in from the different stakeholder groups. Finally, the report recommends 
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that the daily management and control of the functional business process model be the 
responsibility ofDLoglnfo and his team. 
This comprehensive list of groups indicates that the recommendations given in the 
report have fully taken into consideration Action 2. However, care must be taken as so 
that the activities of these various teams, if they should materialise, do not become 
isolated from the organization's mainstream activities (Levy 2002). There needs to be 
constant communication and feedback that can help the organization. These issues have 
been taken into consideration in the Coherence Project final report. 
Action 3: Creating a vision 
This step relates to creating a vision to help direct the change effort. A vision is 
something that helps clarify the direction in which an organization needs to move, and 
gives a clear and compelling statement of where all the initiatives are leading to (Kotter 
1998). All the efforts surrounding the adoption of data-exchange standards such as 
PLCS are linked back into the overarching vision of the DLO, which states: "The DLO 
strives to grow confidence in Logistics". Collins and Porras ( 1998) believe a vision is 
made up of two parts, the core ideology and envisioned future. The core ideology or 
mission of the DLO, states that, "DLO exists 'to Deliver Logistics for Operations"'. 
The output of the Coherence Project captures the envisaged future, the report executive 
summary states that,"The project has developed a jointly agreed Functional Business 
Process Model with the supporting standards mapped to the information exchanges 
... It subsumes many of the process models being utilised across the MoD and it will 
provide a robust model for foture convergence". Therefore, the Coherence Project has 
provided a framework for the envisioned future and if fully taken on board, Action 3 
would be fulfilled. 
Action 4: Communicating the vision 
In this action, every vehicle possible is used to communicate the new vision and 
strategy. If these efforts are not taken on board, the risk of cynicism among employees' 
increases, while belief in the communication goes down (Kotter 1998). However, as 
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was pointed out by the head of the MoD product data standards team, any 
communication efforts need to be managed and coordinated so that mixed messages are 
not communicated. Again this action has been addressed in the Coherence Project final 
report and is captured in the recommended Coherence Project Campaign Plan. The 
plan suggests that all efforts relating to the promoting and taking forward of the project 
deliverables be developed by two parallel workstreams. The first workstream will list 
short term tasks required to sustain the model and engage IPTs and Industry. The 
second workstream will focus on the development of longer-term strategic plans. These 
efforts have to be jointly taken forward by the MoD and Industry. Again, the 
Coherence Project has made provision for Action 4. 
Action 5: Empowering others to act on the vision 
This is where some of the key issues relating to change emerge. This action deals with 
looking at getting rid of obstacles to change, and changing systems or structures that 
seriously undermine the vision (Kotter 1998). Some of these obstacles may be at a 
department level or individual level, therefore these change challenges need to be dealt 
with at both levels. Some of the barriers will be departmental and individual attitudes 
towards change and possibly the standards, as has been detailed in Sections 6.2.1 and 
6.3.4. Some of the potential obstacles are the lack of an authoritative decision with 
regards to the initiatives surrounding the standards. Mandating the standards would be 
a way of overcoming this obstacle. This sentiment to mandate the data-exchange 
standards was echoed by the attendees of the workshops, the MoD officials interviewed 
as part of the research, and was a recommendation of the Coherence Project. Therefore, 
steps need to taken deal with this barrier. In addition, the Coherence Project suggests 
that funding be made available for the IPTs to act on the recommendations. This would 
empower the IPTs to act on the vision. 
Action 6: Planning for and creating short-term wins 
Schaffer and Thomson (1998) stress the importance of translating long-term vision into 
achievable but ambitious short-term goals. Without these short term wins there is 
greater potential for many to give up or join the ranks of those who have been resisting 
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change (Kotter 1998), and this kind of action helps keep the urgency levels up. The 
Coherence Project proposes that the development of an implementation strategy for an 
open standards based architecture can be accelerated through the implementation of 
early-adopter projects (McCann 2006). The report goes on to practically suggest that, 
"In parallel to defining longer term strategy, a range of different IPTs will be engaged 
to test and validate the Project outputs against real scenarios which are bounded by 
time and cost and more importantly which assist the IPTs with their transformation 
plans". Therefore, live IPT pilots would ensure that this action is fulfilled. 
Action 7: Consolidating improvements and producing still more change 
Kotter (1998) explains that the short-term can be used to tackle even bigger problems. 
This action deals with looking for new opportunities to widen the scope of the vision. 
These kinds of actions and the way forward could be incorporated into the second 
workstream, which is focused on long-term strategy. 
Action 8: Institutionalising new approaches 
Change sticks when it becomes part of the way things are done (Kotter 1998). Schaffer 
and Thomson (1998) propose periodically reviewing a strategy, learning from both 
successes and failures, institutionalising the changes that work and getting rid of the 
rest. Again this action is tied into the long-term strategy of the second workstream. The 
Coherence Project report explicitly recognises that a lack of coherence of this project 
with the 'master strategy' would cause a barrier to the successful uptake of the 
deliverables of the project. 
What this assessment has shown is that the Coherence Project has effectively and 
efficiently taken into consideration the key steps to facilitate effective change 
management. The critical action that needs to take place is an endorsement of the 
recommendations and strategies put forward by the Coherence Project and immediate 
action to create some short term wins in order to facilitate the adoption of these rules, 
tools and standards that will enable the MoD and Industry to accelerate the 
transformation of the end-to-end logistic information capability. 
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9.5.3 Conclusion 
This chapter has sought to highlight the factors and barriers critical to the adoption of 
PLCS within the MoD. The aim of this chapter was: 
I. To verity and test the factors identified in the adopter-centric model and note any 
emergent factors or issues based on the current factors surrounding the adoption of 
PLCS within the MoD. 
2. To predict the adoptability of PLCS in light of these issues and factors that have 
emerged using the 'Adoption Checklists'. 
Both aims were met and the checklist was applied to the adoption of PLCS within the 
MoD, and an outcome predicted. During the application of the checklist no new factors 
emerged. Nonetheless, from a research perspective this chapter has offered the 
opportunity to confirm and ground the original factors and findings in a new context, 
and offer new insights into existing factors that impact the adoption of data-exchange 
standards within an organization. 
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CHAPTER10 
SUMMARY, RECOMMENDATIONS AND 
CONCLUSIONS 
Chapter Preface 
This chapter revisits the necessity for this research and summarises the whole thesis. This 
summary begins with an overview of the aims and objectives of the research, followed by a 
detailed account of the findings and novel contribution made. The concluding section presents 
recommendations for the different stakeholder groups impacted by this research and further 
work that can be done by practitioners and researchers involved in the development, 
implementation and use of data-exchange standards. 
10.1 Research Overview 
The benefits of standardization are realised through the effective adoption, 
implementation and use of standards. Nonetheless, there are a cross-section of factors 
that impact the adoption and diffusion of standards. Indeed, within the IT standards 
research community, there is a research area devoted to looking at IT standards 
adoption. However, there are currently a limited number of peer-reviewed, empirical 
studies that look at the adoption of IT standards. One particular set of IT standards 
where this is true is ISO data-exchange standards, particularly those produced by the 
ISO subcommittee ISO/TC 184/SC4, and to date there are only two known studies that 
have looked at the adoption of the 367 standards published by the SC4 subcommittee. 
The limited research within both the ISO/TC !84/SC4 and IT standards research 
communities led to the emergence of the two main research questions that were the 
basis for the research aims. 
o What are the factors and barriers critical to the adoption and diffusion of data-
exchange standards across their target population? 
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o What can be done to facilitate and accelerate the adoption of data exchange 
standards across their target population? 
In order to answer these questions and fulfil the aims of the research, the objectives of 
the research were: 
I. To develop a preliminary conceptual model that identifies the factors and barriers 
critical to the adoption of data-exchange standards, through the study of published 
literature. 
2. To revise and refine the preliminary conceptual model, by interviewing 
stakeholders in the adoption and diffusion of two ISO/TCI84/SC4 standards and 
two military standards, and by analyzing the information obtained from the 
interviews and other data sources. 
3. To further refine and test the preliminary conceptual model against the current 
adoption and implementation of PLCS using a 'Standards Adoption Checklist' 
developed from the conceptual model. 
4. To present recommendations to facilitate the adoption of data-exchange standards 
in general and PLCS specifically, from the experience gained in the above 
objectives. 
5. To test the validity of these recommendations by eliciting the opinions of"experts" 
and by publishing the recommendations in peer-reviewed conference proceedings 
and journals. 
These objectives were achieved and presented in the various chapters within this thesis. 
The following sections give a summary on how each objective was fulfilled. 
10.2 Research Findings, Novelty and Limitations 
This section gives an overview of the results of the first three objectives. The findings, 
deliverables and novelty related to each of these objectives are also presented. The final 
part of this section details the limitations of this research. 
1 0.2.1 Objective 1: Development of conceptual models 
The first objective was to develop a preliminary conceptual model through a study of 
the published literature surrounding IT standards adoption. What emerged, as detailed 
in Chapter Three, is that there are two main approaches used in IT standards adoption 
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research, these are the innovation-centric and adopter-centric approaches. Therefore, a 
decision was made to take a novel stance and incorporate both approaches into one 
study in order to limit the bias of doing a single approach and to get a more balanced 
picture of the factors and barriers critical to the adoption of data-exchange standards. 
Consequently, the scope of Objective I was extended to incorporate the development 
of both an innovation-centric and adopter-centric adoption conceptual model. These 
findings and the novelty of this approach are summarised in Table 10.1. 
Table 10.1: Summary of findings and novelty based on Objective I 
..._['A.._f.~pr~oa .... ch_ .. ~I[Fi~dings : i: . I[DeUver+bl~!! U....,~_.?t.._;el._,tY~· · -i ............... ~].._[S,_Ja~!.P..._te~r) 
Conducting a ': Two main approaches,, , Preliminary · Developing both " Chapter 3 ' 
comprehensive ~ , innovation-centric and ' innovation-
literature review , adopter-centric based c i centric and 
to develop a ·: mainly on DOl theory : • adopter-centric 
conceptual model , and Economics of 
:standards 
: conceptual 
, models 
· · innovation and adopter 
: centric models to 
· · carry out a corn bined 
analysis using both 
1 ' approaches in one study 
10.2.2 Objective 2: Revision and refinement of conceptual models 
The second objective was to revise and refine the models through the analysis of 
interviews, documentation and archival records. The innovation-centric model was 
tested and revised against the adoption process surrounding two JSO/TC 184/SC4 
standards namely, ISO 15926-2 and ISO I 0303-224. What emerged from the analysis 
was that there was a complex array and interaction of factors relating to the adoption of 
data-exchange standards, from conception through the standards process and 
subsequent adoption of a standard. In the innovation-centric analysis, what emerged 
was that there were eleven factors that directly impact the adoption and diffusion of 
data-exchange standards. These factors were summarised around four main categories: 
o Conception: Initiators of development 
o Standards process: End-user involvement and software vendor involvement 
o Standards specifications: Standards Diffusion of Innovation (DOl) 
characteristics, completeness of the entire standard, brand identification and 
!PR. 
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o Adoption conduciveness: Adopting community innovativeness, 
communication channels, marketing, and related implementation technologies. 
The adopter-centric model was tested against the adoption of three different standards 
within the MoD. The three standards were ISO 10303-224, the NATO Codification 
System (NCS) and Def Stan 00-60. There were key factors that emerged within the 
primary and secondary adoption of the standards, and these factors are summarised in 
Table 10.2. All these factors were confirmed in the literature and were analysed for 
both models, with deeper insight provided for some of the factors. 
Table 10.2: Key adopter-centric factors 
lAdoptio~st~~e 11¥~Y:/a~~?fs' :. . , '<·.(; c: .• ,, , ,;,: : ... · < 0 , J 
Primary adoption •. Organisational characteristics, standard DOl 
characteristics, environmental characteristics, decision 
criteria and decision mechanisms 
: Secondary~· 
· adoption 
..... '' Mruiagefial interVention, faCilitating conditions 
In both the innovation- and adopter-centric analysis, a list of themes and a revised 
conceptual model were developed. What emerged from the analysis was that most of 
the factors confirmed the existing literature. However, novelty can be claimed on two 
levels: 
o Grounding of the factors within the ISO/TC184/SC4 standards community 
o Grounding of the factors within the UK MoD 
In addition, new perspectives were offered on existing factors. In the case of the 
innovation centric-approach, new perspectives were offered on the following: 
o The impact that the involvement of the defence community in the development 
of a standard has on the subsequent adoption of a standard. The data revealed 
that developing ISO standards from within a predominately defence 
background had a direct negative impact on the subsequent adoption of those 
standards. 
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o The impact the research nature of standards development has on the 
development timescales of a standard. 
In the case of the adopter centric-approach, new perspectives were offered on the 
following: 
o User attitudes towards standards. Some of these attitudes were tested using a 
questionnaire and the results were presented in Chapter 9. 
o The secondary adoption of standards within an organisation. What was 
particularly revealing was the importance of the standards community in 
supporting implementers to facilitate secondary adoption of the standards. 
These findings and the novelty of approach are summarised in Table I 0.3. 
Table 10.3: Summary of findings and novelty based on Objective 2 
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model 
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standards 
· . o The secondary adoption 
ofsttmdards withinait 
. ·: organisation 
274 
Chapter I 0 - Summary, Recommendations and Conclusions 
10.2.3 Objective 3: Test and revise the model and apply the 'Adoption Checklists' to 
PLCS 
Table 10.4: Summary of findings and novelty based on Objective 3 
j ' . . :, , ··· . Qbjec.tiye3 . ,.... ., .. 
jy\pproach : Jl~i~din~s. · , : .I!I>el~v~ra~l~~ .I!Novelty 
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the two conceptual 
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-Adoption ofPLCS 
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·. positive with some 
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checklists adopter-centric 
checklists 
'·:Use of the 
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J!ChapterJ 
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adopter-centric confirmed with more 
adoption checklist ·. ; insight. 
-Primary adoption of 
PLCS not in question. 
However some concerns 
were raised regarding 
secondary adoption 
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The third objective was achieved in two steps. The first step was the development of 
the adoption checklists. The innovation- and adopter-centric models were used to 
develop questions around the main factors that emerged in the models. A majority of 
'yes' responses would indicate a higher probability of the adoption of a data-exchange 
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standard. The second step was to apply the 'checklists' to the adoption of PLCS in 
order to assess the adoptability of the standard. From an innovation-centric viewpoint, 
adoptability was very positive but there were concerns with regards to not having an 
implementers forum and the setting up of a clear education and outreach programme. 
Some new perspectives were given in relation to how an organizations attitude towards 
information impacts the adoption of a standard. As a consequence, a new question was 
added to the adopter-centric checklist. 
In the case of the adopter-centric application of the checklist, what emerged was that 
there was definitely primary adoption but there were clear issues that needed to be 
resolved for secondary adoption to take place through the MoD, such as having a 
· central push, a strategic champion of the standard, funding and communication 
program and managing change. 
In addition, in order to fully satisfY this objective, action research was carried out. In 
the innovation-centric analysis, investigations into the use of XML to implement PLCS 
were carried out and presented, and these results were used for the work done on the 
UMMS project. In the adopter-centric analysis, observations were made and a 
questionnaire administered during a workshop to establish some of the issues 
surrounding the secondary adoption of PLCS within the MoD. Novelty can be claimed 
by the development and application of the checklists, the assessment of XML for use 
with PLCS, and the questionnaire to assess user attitudes towards the standards. These 
findings and the novelty of approach are summarised in Table I 0.4. 
1 0.2.4 Limitations 
Despite the findings and the novelty of this research, there are some limitations 
concerning the results. There are standards for virtually all the applications that can be 
enumerated, and the standards community knows that often, for the same application or 
function, there may be several applicable standards. There are approximately 175 
organizations that are engaged in preparing standards at the international level. ISO and 
IEC (International Electrotechnical Commission) have contributed 85% of the 
international standards. A survey conducted by ANSI (American National Standards 
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Institution) found that there are 89,000 standards in the U.S.A., 88,000 in the U.S.S.R., 
18,300 in France, 8,800 in Japan, and 6,000 in Canada (Stevens 1993 cited in 
Deshpande and Nazemetz 2003a). However, the scope of the author's research is 
limited to data-exchange standards such as PLCS, which give common classifications 
and definitions of information about products and processes within industry. 
Therefore, due to the vast number of standards, a generalisation is beyond the scope of 
this research. However, novelty will be claimed from the drawing of parallels between 
the case study findings, which can be used to develop tools, such as conceptual models, 
themes and 'adoption checklists', to support the decision-making process. 
10.3 Recommendations and Validity of the Research: Objective 4 
and 5 
Objectives four and five of this research deal with the development of 
recommendations based on the findings of the research and the validity of the research 
respectively. The recommendations have been divided into the areas that they impact. 
The first outlines recommendations for the ISO/TCI84/SC4 sub-committee responsible 
for the development of ISO data-exchange standards such as PLCS, and the second 
outlines recommendations for the MoD. Finally there are recommendations for future 
work. 
10.3.1 1SO/l'C184/SC4 recommendations 
ISO/TCI84/SC4 sub-committee has many strengths. According to the SC4 Chairman, 
last year alone the sub-committee produced 13% of the total output of ISO standards. 
In addition, the committees' innovative approach to publishing standards using an 
HTML module repository garnered recognition and praise from the head of ISO. This 
research has looked at the factors that impact the adoption of these standards and, as a 
result, some recommendations based on the findings have emerged which are: 
1. Continued development of ISO/TCl84/SC4 standards using a combination of 
the benefits from consortium and ISO standards development processes. 
In the research, what emerged was a discussion about the benefit of using both the 
traditional standards process and consortia to develop a standard. This approach 
proved fairly successful for ISO 15926-2 and more successful for PLCS, and more 
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authors are calling for this dual approach. Therefore, the gains the committee has 
made with working with certain consortia such as PDES, inc and PLCS, inc should 
be nurtured and encouraged for the benefits of this collaborative environment to be 
realised. 
2. Establishment of an implementers' forum that can be used to support 
implementers during adoption of the standards within organizations. 
A number of implementers expressed a view that the standards committee often felt 
very remote. This then impacts the effectiveness with which they can implement 
the standards within an organization. Steps should be taken to get an implementers 
forum up and running. The forum could be run at two levels; firstly they could 
meet twice a year separate from the development meetings where real discussion 
and debate about the ongoing use of the standards can be facilitated. Secondly, 
online forums could be encouraged as well. 
3. Strengthening of the Education and Outreach programme, and encouraging 
the publication of more success stories. 
The importance of marketing the standards emerged very strongly in the 
innovation-centric analysis. Marketing and promoting the standards from a 
centralised team would help raise the profile of the standards. There is currently an 
education and outreach programme, however, priority needs to be given to 
resourcing the outreach program with people and finance. 
4. Increasing the emphasis of the importance of implementing and linking the 
implementation of the standards with mainstream technologies such as XML, 
UML and future semantic web technologies such as OWL. 
The profile of a number of mainstream technologies has increased within the SC4 
community, and the importance of these technologies was made explicit in the 
innovation-centric analysis. These efforts need to be further championed and 
encouraged in order to exploit the benefits of SC4 standards in mainstream 
environments. With the increased emphasis on the semantic web, and the increase 
in the development of ontologies and taxonomies, SC4 has the opportunity to take a 
lead in the endeavours that are based around industrial data due to its over 20 years 
experience with the modelling of industrial data to support business processes 
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5. Increased use of workflow and other business tools to facilitate greater end-
user participation in standards setting. 
The involvement of end-users is vital to the development process. However, not all 
end-users can attend development meetings - particularly SMEs. Therefore, 
participation can be encouraged through use of technologies and forums where end-
user requirements and points of concern can be addressed. 
6. Increased collaboration with universities and research centres to support the 
development of the standards. 
One of the main challenges facing standards like PLCS and ISO I 5926-2 is 
completing all relevant sections of the standard. The delay in the completion of the 
DEXs and Reference Data is slowing the adoption process of these standards and 
may result in missed opportunities. One of the reasons for these delays is the 
voluntary nature with which people give their time to develop the standards. 
Working with universities and research groups could be an answer to this problem. 
For example a Masters research student could do some of the legwork involved 
with developing DEXs with help and support from experts, at a minimal cost. 
10.3.2 MoD recommendations 
The MoD Coherence Project has shown that the MoD along with its industry partners 
are taking steps to successfully implement data-exchange standards that can facilitate 
information exchange within the MoD and defence supply chain. Analysis of the data 
in Chapter Six and Nine resulted in the following recommendations: 
1. Clear commitment from top-level management to take on board the 
recommendations laid out in the Coherence Project report, as was discussed in 
Chapter 9. 
2. Development of a clear funding directive with regards to who is funding the 
adoption of systems based on the data-exchange standards. 
3. Actioning and funding of some short-term wins, particularly a live IPT pilot that 
would keep the momentum gained from the Coherence Project. 
4. Increased use of workshops to facilitate adoption of the standards. 
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I 0.3.3 Recommendations for future work 
This research sought to answer specific questions, but in doing so has created avenues 
for further research. These are: 
I. To further develop the adoption checklists presented in Chapter Seven to assess 
how they can be adjusted to meet the needs of specific stakeholders like, for 
example, software vendors. 
2. Using the finalised models presented in Chapters Five and Six, questionnaires can 
be developed to establish if the identified factors are valid in a larger population of 
data-exchange standards. 
3. The findings presented in this thesis are limited to de-jure data-exchange standards. 
Therefore, research is required to establish if the findings of this thesis are valid for 
other types of standards in order to assess if there are some basic ground rules that 
apply to ALL standards. 
4. Section 2.2.3 gives an overview of Dreveremen's (2005) use of actor analysis to 
understand the motives, power and actions of various actors in the process industry, 
and how this impacts the adoption of standards in this industry. Further work can 
be done to apply actor analysis to the defence industry, to establish the how 
motives, power and actions of the actors in the defence industry impact the 
adoption of data-exchange standards within that industry. 
5. Section 5.2.2 gives insight into how the development of standards within the 
defence community can negatively impact the subsequent adoption of the 
standards. There was disagreement about whether this sentiment is true. Therefore, 
further research can be done to establish the impact of the defence community on 
the standardization process. 
6. One of the major challenges facing ISO data-exchange standards is establishing 
business cases, as was detailed in Section 5.3.3 and 6.2.4. Further research can be 
done to investigate methods that can be used to establish a business case for the use 
of data-exchange standards, particularly to establish the intangible benefits of using 
the standards. Having a more comprehensive business case may encourage some 
end-users and software vendors to take on the standard. 
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7. Section 5.4.1 discussed the involvement of consultants in the standards process, 
and the possible motivations of some consultants. Further work can be done to 
investigate the impact consultancies, such as LSC Group, have on the 
standardization process. 
8. Section 8.5.1 introduced the idea that the adoption of a standard within an 
organization can be impacted by the organizations attitude towards information. 
Further research can be done to establish if this correlation is true in a larger 
population of organisations. 
9. Section 9.3.3 presents some initial investigations into how the terminology used to 
describe a standard may impact end-user attitudes towards standards. However, 
further research is required to establish a methodology to better verify and examine 
the issues surrounding the terminology used to describe a 'standard' and how that 
may impact on end-user attitudes towards standards. 
1 0.3.4 Validity of the research 
Objective 5 is focused on establishing the validity of this research by running the 
findings and recommendations past known "experts" and by publishing them in peer-
reviewed conference proceedings and journals. Five conference papers were published 
to capture most of the findings presented in this thesis. Feedback from some of the 
conference papers includes: 
I. 'The Adoption and Diffusion of Standards' presented at the Software Quality 
Management conference in April2004 
Reviewer I: "A good paper on an unusual, but relevant, aspect of standards" 
Reviewer 2: "This is an interesting and well researched paper" 
2. 'The Development Barriers to the Adoption of Data-exchange Standards' presented 
at the lOth European Academy for Standardization Workshop in June 2005 
Reviewer I: "Once a standard is available, its adoption is not self-evident. There is 
not too much research in this area, so it is a good idea to do research on this topic. 
It is also a good idea to do this in the form of case study research, in order to 
discover what really matters in the case of adoption of standards. So the starting 
point of this paper is excellent. " 
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An executive summary and drafts of this thesis was given to three recognised experts 
in the field of standards. Their feedback includes: 
1. Dr. Matthew West - Reference Data Architecture and Standards Manager, 
Shell International Petroleum Company: 
"A very concise and accurate piece of work. I endorse the "themes" for 
the innovative-centric case". 
2. Phil Rutland - Head Product Data Standards, Technical Enabling Services 
UKMoD 
"This is a comprehensive piece of work that shows a thorough 
understanding of the subject and will be a useful reference document for 
anyone attempting to establish Information Standards within their 
organisation" 
3. Professor Kai Jakobs - Editor-in-Chief and founder of the 'International 
Journal of IT Standards & Standardization Research', Vice President of 
EURAS 'European Academy for Standardisation', founder of the SliT 
conference series ('Standardisation and Innovation in IT') 
"I do like the thesis. It makes for an interesting read, and the adopted 
approach yields some novel insights. I particularly liked the approach 
of adopting two different perspectives (adopter/innovation-centric; to 
the best of my knowledge this has hardly ever been done before in this 
context). As editor of both a topical journal and a book series I would be more 
than pleased if Josephine submitted her thesis and/or papers based on 
it. I always need good contributions". 
The final test of the validity of this research was to give an executive summary of the 
thesis to a number of senior employees of the LSC Group (LSC were sponsors of this 
research). Feedback from the employees was very positive and they recognised the 
validity of this research, and this recognition was captured in a statement written by !an 
Sloss an executive consultant at LSC. A section of this statement was presented in the 
thesis 'Foreword'. However, the complete statement can be found in Appendix E, and 
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this complete statement further validates the necessity and importance of this research 
to both LSC and the data-exchange standards community. 
10.3.5 Reflections on research methodology and approach 
The aim of this research was to establish the factors and barriers critical to the adoption 
of data-exchange standards such as STEP, and to establish ways to accelerate the 
adoption of these standards. In order to achieve this aim, an interpretivist research 
philosophy was adopted, based on a qualitative approach using a case study strategy 
during the first phase and the action research strategy in phase two, as detailed in Table 
4.4. However, though the majority of data collected was qualitative, a quantitative 
element was included in both phases of the research. Miles and Huberman (1994) 
discuss at great length the benefits of linking qualitative and quantitative data. This 
linking of data can be carried out at three levels. 
CJ The first level is called the 'quantizing level', where qualitative information can 
be either counted directly or converted into ranks or scales. 
CJ The second level deals with linking distinct data types where qualitative 
information, for example from an interview, is compared to numerical data 
from a questionnaire filled in by the same person. 
CJ The third level looks at a multimethod approach where researchers combine the 
collection of qualitative and quantitative data as they progress through their 
research study. An important aspect of this third level is to establish if the 
quantitative and qualitative sides are of equal status, are they interactive or 
separate, and how they will be sequenced (Miles and Huberamn 1994). 
In this research the second level linking was carried out during the first phase. 
Developers interviewed in the first phase were asked to rank the importance of 
different factors using a five-point importance scale. The results from this ranking were 
used to add validity to the factors that were identified as the key factors that impact the 
adoption of data-exchange standards during innovation-centric analysis. 
Third level linking was used in the second phase of this research. At the start of this 
research, there was no intention to collect quantitative data during phase two. However, 
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in late 2004 it emerged that the LLM POC workshop detailed in Section 9.3, was to 
take place in early 2005 (see Appendix C-4), and it was noted that this would provide 
an opportunity for issues identified in phase one of the research to be validated in a 
wider population using a questionnaire. Some of the issues identified in the workshop 
questionnaire were further verified in the interviews carried out during Phase two, 
giving a deeper understanding of some issues. Therefore, in this research, the 
qualitative and quantitative sides were of equal status, interrelated and sequenced using 
a qualitative~ quantitative~ qualitative approach. 
Both qualitative and quantitative research methods have particular strengths and 
weaknesses (Patton 2002), what this research has shown is that benefit can be derived 
from a combination of both approaches. This confirms the assertion made by Rossman 
and Wilson (1991) that, " there is growing aclmowledgement that complex social 
phenomena can usefully be understood by looking at them both quantitatively and 
qualitatively". Therefore, this research also contributes to the empirical research 
community by providing another example of where a using a combination of 
qualitative and quantitative approaches can be beneficial. In addition to that, this 
research has also demonstrated a practical example of using Eisenhardt's (1989a) 
'Building theories from case study research' methodology, in Chapter Five and Six. 
Using this methodology, a series of theme were developed from the qualitative data 
gathered, and these themes were then critiqued against the existing literature. This 
methodology proved to be very helpful in analysing large quantities of qualitative data, 
and offers other researchers in the IS field an opportunity to see a practical application 
of this methodology. 
10.4 Conclusions 
Standards form an integral part of society, and many everyday activities are based 
around standards. The use of these standards brings benefits, and these benefits are 
only realised through the effective adoption and use of the standards. In particular, with 
the boom of technology and the explosion of e-business and Internet communities, IT 
standards are becoming more predominant and more work is going into the research of 
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IT standards. One research field is focused on the adoption of!T standards. This thesis 
has contributed to the field of IT standards adoption by grounding the research in two 
new contexts. The first context is the ISO/TC 184/SC4 community, where only two 
previous items of research have been carried out into the 367 standards published by 
this committee. Secondly, this research has been grounded in the defence community, 
about which no peer-reviewed publication has been found in the literature regarding 
standards adoption. In addition, the dual approach of both an innovation- and adopter-
centric combined analysis has offered an approach that limits the bias of each 
individual approach. 
Various stakeholders can also use the three main deliverables of this research in 
different ways. The 'Adoption Checklists' that were developed are tools that can be 
used by practitioners to assess the adoptability of data-exchange standards currently in 
use, and steps can be taken to facilitate adoptability where concerns may be raised. 
Organisations can also use these checklists to assess whether or not to invest time and 
effort in adopting a new or emerging standard. In addition, software vendors can use 
the checklists to assess whether or not to invest time and effort to develop tools for a 
new or emerging standard. The checklists can also be used by standards developers to 
continually assess the state of a standard and its development/ adoption! diffusion, with 
the intention of prioritising the areas that need to be addressed. The conceptual models 
and themes that were developed offer researchers the opportunity to test and validate 
these findings using different standards or different contexts. 
In conclusion, this research sought to establish the factors and barriers critical to the 
adoption of data-exchange standards, and ways to accelerate the adoption of these 
standards. Using case studies and action research, this research project has successfully 
met all its objectives, the hope being that the findings presented in this thesis will result 
in more effective adoption of data-exchange standards. 
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APPENDIX A 
1. An overview of early product data-exchange standards 
2. An overview of the STEP structure 
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An overview of early product data-exchange standards 
1. IGES -Initial Graphics Exchange Specification 
IGES is the most widely used fonnat for CAx data exchange and was developed by 
the IGES organization, which consisted of representatives of the CAD vendor and 
user communities. The development of IGES can be traced back to 1979, and 
several versions have been published since publication of the first draft in 1980. 
Most major CAD/CAM systems support IGES, and IGES has been accepted in 
many major companies and projects. However, over the years the shortcoming of 
IGES have emerged, and include issues such as large file sizes and processing 
times, and the lack of a rigorous technical architecture. Nonetheless, IGES provided 
a practical first solution for CAD data exchange. (Zhang and Warren 2003; 
Kemmerer 1999) 
2. SET- Standard d'Echange et de Transfert 
The French Standard d'Echange et de Transfert (SET) was a French effort to create 
a standard to exchange CAD data. The project was started at Aerospatiale in 1983, 
and initially they did a fonnal test of IGES. From this test, Aerospatiale concluded 
that it was the IGES specification that did not work. The result was a French effort 
to write a specification, standardize it, implement it, test it, and support its use in 
production. These efforts were driven by French industry, most notably the 
automotive and aerospace industries. SET, like IGES in the U.S. A., became a 
French national standard, and Association GOSET is an organization established by 
industry and government in France to support continued development, maintenance, 
and implementation testing of SET. GOSET representatives are also active 
contributors to developing STEP and testing services to confonnance test ISO 
10303. (Zhang and Warren 2003; Kemmerer 1999) 
3. VDA-FS- Flachenschnittstelle des Verbandes der deutschen 
Automobilindustrie 
The Gennans standardized Flachenschnittstelle des Verbandes der deutschen 
Automobilindustrie (VDA-FS) in response to the data-exchange requirements of 
their automobile industry in the 1980's. VDA-FS was based on IGES but offered a 
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competing exchange file fonnat to that of IGES. VDA is the Gennan automotive 
industry trade association, and was the principle developer of the VDA-FS 
standard. The VDA was created in 1982 to increase the efficiency of the design 
process and usefulness of CAD/CAM systems. The Gennans brought VDA-FS to 
the international table to contribute toward the international product model data 
standardization effort, and the Gennans are now also directing their data exchange 
standards development efforts to STEP. (Zhang and Warren 2003; Kemmerer 1999) 
4. CAD*I -CAD Interfaces 
CAD*I standard emerged as a result of a European Commission funded ESPRIT 
project called CAD Interfaces (CAD*I), with twelve participating organizations 
from six European countries. The project began in 1984, and worked mainly in 
product model data exchange and on data exchange for finite element analysis. 
Kemmerer ( 1999) explains that as in STEP, the transfer of data was based on the 
use of schemas defined fonnally using a data modeling language. In 1987, the 
project achieved the first ever transfer of boundary-representation solid models 
between different CAD systems. CAD*I participants were involved in the 
development of STEP from the beginning of the work of ISO TC 184/SC4, and 
much of the shape modeling capability of STEP is based on CAD* I work and the 
project also had a significant influence on STEP developments in the finite element 
area (Kemmerer 1999). 
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Overview of the STEP architecture 
The structure STEP was developed to enable industry specific development that 
would reflect the industry's priorities and uniqueness while, at the same time, 
seeking to maximize the development and reuse of common elements (Kemmerer 
1999). STEP is composed of many constituent parts, each part representing a subset 
of the standard, and the parts are numbered and classed according to their content. 
Table A-2 provides an overview of the grouping of the various elements within the 
STEP standard. 
.Integrated informationresour~es ... 
. . 
·, _. .' 
,r-~~~--~-·~·~~~~~---~.~·~~~ ~-~ln_te .... gr_a,..te_d _ge_n_er-ic-re_s_o..,ur-ce...,s_(P .... a .... rt.,.s ""40.,..,-4_9_) ___ f ·· . 
. . · : : . -· . . : . '... ' . ·,. 
,<; Integrated application resources (Parts 100-199) ~·· ,: 
··, ' 
Application interpreted constructs (Parts 500-599) [" 
·:· '··: ''')- .·· _. -· ," ' ·' . ' . - . Implementation methods (Parts 20:29) · 
Figure A-2: Components of the STEP structure 
Description Methods 
The first main component of the STEP structure is the description method series of 
parts. The description methods provide the fundamental framework for the standard 
and are the common mechanisms for specifYing the data constructs of STEP. 
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Included in the description methods is the fonnal data specification language 
developed for STEP known as EXPRESS (part I I). EXPRESS is a data modelling 
language made up of entities, attributes and type hierarchies. The mapping language 
EXPRESS X (Part I4), which enables EXPRESS files to be transfonned into (or 
created out of) any target representation, is also included in the Description 
Methods. 
Implementation Methods 
The second main component of STEP is the implementation method series of parts. 
These are the implementation techniques for exchanging and manipulating 
infonnation described by Application Protocols. The first implementation method, 
known as Part 2 I, is an ASCII file fonnat for exchanging EXPRESS-defined data 
sets. The second implementation method is an access protocol for EXPRESS-
defined databases, called the Standard Data Access Interface (SDAI) and is 
represented by Part 22 to 27. The next Implementation method, Part 28, details the 
XML representation of EXPRESS schemas and data for data exchange. 
Conformance testing methodology & Framework 
This series of documents specifies how an implementation of ISO I 0303 should 
be tested for confonnance to the standard. Kemmerer (I 999) points out that the 
fact that the framework and methodology for confonnance testing is standardized 
reflects the importance oftesting and testability within STEP. 
Integrated generic resources and Integrated application resources 
These two series of parts have similar functions and fonn: they are the application, 
context-independent standard data specifications that support the consistent 
development of application protocols across many application contexts. These are 
data models that reflect and support the common requirements of many different 
product data application areas. Integrated generic resources, as a group, provide a 
single infonnation model for a manufactured product. Integrated application 
resources are specialisations of the Integrated Generic Resources for some general 
engineering requirements (Kemmerer 1999). 
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Application Protocols (APs) 
They are the implementable data specifications of STEP, which capture industry 
specific requirements. APs are the data models that define the structure and syntax 
of the data to be handled by implementation and are constructed based on industry 
specific needs and Integrated Information Resources. APs may be implemented 
using one or more of the implementation methods. APs are the central component 
of the STEP architecture, and the STEP architecture is designed primarily to 
support and facilitate developing APs (Kemmerer 1999). 
Abstract Test Suites 
Abstract Test Suites describe the tests to be used to determine if an implementation 
conforms to the related Application Protocol. Each Application Protocol has an 
corresponding Abstract Test Suite with the number 3xx, where xx represents the 
second and third digits in the number of the Application Protocol. For example, ISO 
I 0303-239 would have an associated Abstract Test Suite with the number ISO 
I 0303-339 (ISO/TC !84/SC4 2004). 
Application Interpreted Constructs 
Application interpreted constructs (AICs) are data specifications that satisfy a 
specific product data need that arises in more than one application context 
(Kemmerer 1999). In other words, Application Interpreted Constructs (AIC) are 
sections of data models that describe concepts that are common to more than one 
Application Protocol. These parts are therefore intended for use by developers of 
new data models for the ISO I 0303 (ISO/TC 184/SC4 2004 ). 
Application Modules 
These are small information models that are intended to be reusable in the 
development of future Application Protocols (AP). Consequently, these parts are 
intended only for use by developers of data models. The first Application Modules 
are representations of some aspects of CAD model data (ISO/TC!84/SC4 2004). 
290 
The Adoption and Diffusion of Data-exchange Standards Appendix B 
APPENDIXB 
1. ISO development phases 
2. Key development dates ofiSO 15926-2 and ISO 10303-224 
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ISO development stages 
International Standards are developed by ISO technical committees (TC) and 
subcommittees (SC) by a six step process: 
• Stage 1: Proposal stage 
• Stage 2: Preparatory stage 
• Stage 3: Committee stage 
• Stage 4: Enquiry stage 
• Stage 5: Approval stage 
• Stage 6: Publication stage 
According to the ISO website (2006c ), if a document with a certain degree of 
maturity is available at the start of a standardization project, for example a standard 
developed by another organization, it is possible to omit certain stages. In the so-
called "Fast-track procedure", a document is submitted directly for approval as a 
draft International Standard (DIS) to the ISO member bodies (stage 4) or, if the 
document has been developed by an international standardizing body recognized by 
the ISO Council, as a final draft International Standard (FDIS, stage 5), without 
passing through the previous stages. The following is a summary of each of the six 
stages as detailed on the ISO website (2006c): 
Stage 1: Proposal stage 
The first step in the development of an International Standard is to confirm that a 
particular International Standard is needed. A new work item proposal (NP) is 
submitted for vote by the members of the relevant TC/SC to determine the inclusion 
of the work item in the programme of work. The proposal is accepted if a majority 
of the P-members of the TC/SC votes in favour and at least five P-members declare 
their commitment to participate actively in the project. At this stage a project leader 
responsible for the work item is normally appointed. 
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Stage 2: Preparatory stage 
Usually, a working group of experts, the chairman (convener) of which is the 
project leader, is set up by the TC/SC for the preparation of a working draft. 
Successive working drafts may be considered until the working group is satisfied 
that it has developed the best technical solution to the problem being addressed. At 
this stage, the draft is forwarded to the working group's parent committee for the 
consensus-building phase. 
Stage 3: Committee stage 
As soon as a first committee draft is available, it is registered by the ISO Central 
Secretariat. It is distributed for comments and, if required, voting, by the P-
members of the TC/SC. Successive committee drafts may be considered until 
consensus is reached on the technical content. Once consensus has been attained, 
the text is finalized for submission as a draft International Standard (DIS). 
Stage 4: Enquiry stage 
The draft International Standard (DIS) is circulated to all ISO member bodies by 
the ISO Central Secretariat for voting and comment within a period of five months. 
It is approved for submission as a final draft International Standard (FDIS) if a two-
thirds majority of the P-members of the TC/SC are in favour and not more than 
one-quarter of the total number of votes cast are negative. If the approval criteria 
are not met, the text is returned to the originating TC/SC for further study and a 
revised document will again be circulated for voting and comment as a draft 
International Standard. 
Stage 5: Approval stage 
The final draft International Standard (FDIS) is circulated to all ISO member bodies 
by the ISO Central Secretariat for a final Yes/No vote within a period of two 
months. If technical comments are received during this period, they are no longer 
considered at this stage, but registered for consideration during a future revision of 
the International Standard. The text is approved as an International Standard if a 
two-thirds majority of the P-members of the TC/SC are in favour and not more than 
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one-quarter of the total number of votes cast are negative. If these approval criteria 
are not met, the standard is referred back to the originating TC/SC for 
reconsideration in the light of the technical reasons submitted in support of the 
negative votes received. 
Stage 6: Publication stage 
Once a final draft International Standard has been approved, only minor editorial 
changes, if and where necessary, are introduced into the final text. The final text is 
sent to the ISO Central Secretariat which publishes the International Standard. 
Review oflnternational Standards (Confirmation, Revision, Withdrawal) 
All International Standards are reviewed at least once every five years by the 
responsible TCs/SCs. A majority of the P-members of the TC/SC decides whether 
an International Standard should be confirmed, revised or withdrawn. 
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Key ISO development stage dates ofiSO 15926-2 and ISO 10303-
224 
Table B-2a: ISO 15926-2 key development stage dates (ISOffCI84/SC4 2004) 
!Stages. . J [ISO l5926:- ooo;' I 
SC4 start date •. I 997-09-0 I . 
ISO registration· · ·· 1997-08-25 
Stage 10.20 
Stage 20.20 
Stage 30.20 CD/DTS 
Stage 30.20 CD2 
Stage 40.00 
Stage 50.00 
Stage 60.60 
1997-01-14 
' ---~ . 
1998-01-22 
1999~12~30 
2002-02-06 
2003~09-18 
·. 2003-12-12 
Table B-2b: ISO I 0303-224 key development stage dates (ISOffCI 84/SC4 2004) 
[Stage~ · · ' J [ISO !0303-224 edl] I ~0303~224 ed 2] [ISO 10303 ed3 · .. · .1 
SC4 start date 1993-I0-31 · 2001-I0-12 
ISO registration 
. 
1994-11-03 
. 
1999-10-04 2004-0!-26 
Stage 10.20 1999-05~05 . 2003-10-I I 
Stage 20.20 . 2003-10-1 I 
. - -. 
Stage 30.20 CD/DTS . 1995-07-28 
' 
- . 
. -
: Stage 30.20 CD2 
.. 
2005-06-04 
Stage 40.00 1997-02-13 
··;' 
•. 2000-04-06 .. 40.60 2005-07-05 
· Stage 50.00 . 1998-12-10 · 2000-I 2-08 
Stage 60.60 1999-12-01 2001-04-15 2006-06-15 
projected 
Stage 95.99 2005-12-19 2005~12-19 
'. 
-· 
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Table B-2c: ISO international harmonized stage codes (ISO 2006c) 
!;'sTAG~')[.··:· : : . ' ~· . ' ' i . SUB-STAGE. '. ··.z:::'f I,'' 1 
00 20 60 90 
Decision 
Registration Start of Completion 92 93 98 99 
main action of main Repeat Repeat · Abandon Proceed 
action an earlier current 
phase phase 
00 00.00 00.20 00.60 00.98 00.99 
Preliminary Proposal for Proposal for Review Proposal : Approval to : 
stage new project new project summary for new ballot 
received under circulated project proposal for ! 
review ·abandoned new project 
10 10.00 10.20 10.60 10.92 10.98 10.99 
Proposal Proposal for New project Voting Proposal New New project·. 
stage new project ballot summary returned to project approved 
registered initiated circulated submitter for rejected 
further 
definition 
.. 
20 20.00 20.20 20.60 20.98 20.99 
Preparatory New project Working Comments Project WO 
stage registered in draft (WD) summary deleted approved for' 
TC/SCwork study circulated registration 
programme initiated as CD 
.. 
30 30.00 30.20 30.60 30.92 30.98 30.99 
.''< 
· Committee , : 
'i 
Committee CD Comments/ i' CD referred · Project CD 
stage draft (CD) · study/ballot, voting back to deleted approved fori 
registered initiated summary Working registration • : 
circulated Group as DIS 
40 40.00 40.20 40.60 40.92 40.93 40.98 40.99 
Enquiry DIS DIS ballot Voting Full report : Full report Project Full report 
stage registered initiated: summary circulated: · circulated: deleted circulated: 
5 months dispatched DIS referred . decision for DIS 
back to TC newDIS approved for . 
orSC ballot registration · 
as FDIS 
50 50.00 50.20 50.60 50.92 50.98 50.99 
Approval FDJS · FDIS ballot Voting FDIS Project FDIS 
stage registered initiated: summary referred deleted approved for 
for formal 2 months. dispatched. back to TC publication 
approval Proof sent to Proof orSC 
secretariat returned by 
secretariat 
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r s~AGE 1 Lo-t --:...'.;;..' _, ·_:_: .... :;;.;_..'· . · '.:..._""'-"-..:.;. ..... _...:;:s.;.;fiB;_;.;~s;..:::TA:;;.;' G:::.~ ..... - __.....: ;;,.;,.::""": _i.__...;' __ ~~_·, ......_;.:..;,.._:..· ;,.;,.' ·~1 
60 60.00 
Publication. International', 
stage Standard 
90 
Review 
stage 
95 
under 
publication : 
90.20 
International 
Standard 
under 
periodical 
review 
95.20 
Withdrawal 
stage 
· Withdrawal 
ballot 
initiated 
60.60 
''International . 
Standard 
published 
90.60 
Review 
summary 
dispatched 
95.60 
Voting 
summary 
dispatched 
90.92 
International 
Standard to 
be revised 
95.92 
. ·Decision not : 
to withdraw 
· International 
Standard 
90.93 
International 
Standard 
confirmed 
. -·. 
. """'' 
90.99 
Withdrawal 
of 
International . 
Standard : 
proposed by 
TCorSC 
95.99 
Withdrawal ' 
of 
International 
Standard 
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APPENDIXC 
1. Second-tier research questions 
2. Phase one interview agenda 
3. Phase two interview agenda 
4. Phase one and two interview candidates 
5. Letter sent to research interviewees 
6. Research code list and a screen capture of a coded interview 
Appendix C 
The Adoption and Diffusion of Data-exchange Standards 
Second-tier research questions 
The main research questions were: 
Appendix C-1 
o What are the factors and barriers critical to the adoption and diffusion of data-
exchange standards across their target population? 
o What can be done to facilitate and accelerate the adoption of data-exchange 
standards across their targeted population? 
These questions laid the groundwork for the development of the conceptual 
frameworks/models. The formulation of the second-tier research questions emerges 
from the conceptual frameworks/models. These questions make theoretical 
assumptions more explicit and can inform a researcher about what they want to know 
most or first. These second-tier research questions can also point towards data 
gathering devices and can feed directly into data collection (Miles and Huberrnan 1994, 
pg 22). For example, in this research, the second-tier questions acted as a starting point 
for the interview agenda questions. 
The second-tier questions based on the innovation-centric model included: 
o What impact do the motivations for development of a standard have on the 
adoption and diffusion of a standard? 
o What impact does the nature of the development process have on the adoption and 
diffusion of a standard? 
o What impact does the diversity and balance of development participant have on the 
adoption and diffusion of a standard? 
o What impact does involvement of tool providers (software vendors) during the 
development process have on the adoption and diffusion of a standard? 
o What impact do revisions and the time taken for the approval and publication 
process have on the adoption and diffusion of a standard? 
o What impact do the costs, benefits and level of support have on the adoption and 
diffusion of a standard? 
o How is the ROI of a standard established? 
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o What impact does carrying out a ROI analysis on a standard have on the adoption 
and diffusion of a standard? 
o What are the barriers to the adoption and diffusion of a standard? 
o What impact do standardization issues have on the adoption and diffusion of a 
standard? 
o What impact do the standards characteristics have on the adoption and diffusion of 
a standard? 
o What impact do the characteristics of the adopting community/organizations have 
on the adoption and diffusion of a standard? 
The second-tier questions based on the adopter-centric model included: 
o What impact does an organizations characteristics have on the decision to adopt a 
standard within an organization? 
o What impact does a standards characteristics have on the decision to adopt a 
standard within an organization? 
o What impact do environmental characteristics have on the decision to adopt a 
standard within an organization? 
o What is the decision criterion for adopting a standard within an organization? 
o Who was the final decision maker? 
o What impact does pre or post implementation investment appraisal (ROI analysis) 
have on the decision to adopt a standard within an organization? 
o What are the outcomes of the decision on whether to adopt the standard or not? 
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Phase one interview agenda 
This interview is divided into 5 sections based loosely on the lifecycle 
of a standard. The interview aims to address the following: 
• The factors that influence the development of standards 
• The factors that affect the adoption and diffusion of standards 
• The factors that affect the adoption of a standard from an 
organizational decision making perspective. 
Name: 
Organization: --------------
Position: 
Em ail: 
DEF STAN 00-60 NATO Codification System ISO 15926 ISO I 0303 -224 
Section A - Background 
Section B:__ Conception and Development 
Section C -Adoption and Diffusion 
Section D - Organizational adoption and implementation 
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Section A - Background 
A.l Which of these titles best describes you or your organizations' involvement with the 
standard? 
Standard Adopter I Implementer Tool Provider 
developer User of the 
standard 
(Customer) 
Section B & C Section D Section E Section D (Possibly E) (Possibly D) 
Other: 
A.2 Whtch stage of the standardtzat!On process best descnbes the current status of the 
standard? Conception, Proposal, Drafting, Approval, Publication, Implementation and 
use 
A.3 At what stage in the standardization process did you or your organization start to involve 
with the standard? 
Why at that time? 
How was that decision reached? Probe- any cost/benefit analysis done 
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Section B - Conception and Development 
8.1 Who would you say were the main individual(s) or organization(s) that initiated 
the idea for the development of the standard? 
What is their role in relation to the standard? (Probe • Owner, potential 
user, funder, tool provider) 
Probe impact on development (IMP ACT- positive, negative, both or 
none at all.) 
8.2 What were the main drivers/motivations behind the development of the 
standard? (Probe- market driven, government driven) 
Probe impact on development 
8.3 What is/was the makeup of the development participants? (SDO's, the adopter 
and user community/organizations, government, tool providers (certification 
and accreditation bodies, software vendor, trainers), consultants, researchers, 
etc) 
Do you perceive a balance of participation by the stakeholder groups 
affected by the standard? 
Probe impact on development 
8.4 Is there a formal or informal alliance between the development participants? 
Probe impact on development 
8.5 What type of development process was followed? (Structured or unstructured) 
Probe impact on development 
8.6 How long has the development process from conception to publication taken or 
expected to take? 
Were/have there been any hindrances or barriers to the development of 
the standard? (Delays, competing standards) 
If yes, why and how were these overcome? 
8.7 Was the standard developed from any existing standards? If Yes, Please state 
what they are. 
Probe impact on development 
8.8 Have there been any reviews or revisions of the standard? If yes, when and 
why? 
Probe impact on development 
8.9 What are the main funding sources for this standard? 
Probe impact on development 
8.10 What were the main costs of developing the standard? Were there any 
unexpected costs? 
8.11 What are the expected benefits of the standard? 
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Have these been established or evaluated or established in any form of 
Investment appraisal techniques? 
If yes, How? (e.g, ROI, CBA, TCO) 
If no, why not. (Probe - would you like to have some sort of indication 
in the future, would you do it in the future) 
B.12 Were any tools required for the development and/or implementation of the 
standard? If Yes, what were they? ( e.g certification, software, training) 
B.13 Were you or your organization involved in development of any specific tools 
for the standard? (If No, go to 8.17 if yes, continue below) 
What were they and what were your considerations for going into the 
development oftools for this standard? 
What trade-offs were involved? (costs/benefits) 
B.14 Have any activities been carried to encourage/support uptake of the standard? 
If yes, what are they? (promotion and awareness, Information and 
communication channels, pilots or demonstrations) 
Do you think this has been beneficial to the adoption and diffusion of 
the standard? 
Have they been beneficial to any adopting organizations? 
Do you think it is worth investing time and money to ensure the 
development and adoption of the standard 
B.15 Has there been any form of support from other parties during the development 
and adoption of the standard? ( e .g Government, NSB) How? 
Probe impact on development 
B.16 Did the development of the standard meet your expectations? 
B.17 What in your opinion are the main barriers to the development of a standard? 
B.18 What in your opinion are the main factors that facilitate the development of a 
standard? 
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Section C- Adoption and Diffusion (Rate of uptake) 
This section seeks to determine the impact (positive, negative, both or none at 
all) of the following factors on the effective adoption and diffusion of the 
standard, and the relative importance of these different factors. The 
importance will be determined by using a five-point Importance scale. (Hand 
importance scale sheet to the interviewee) 
Very Quite Fairly Slightly Not Important 
Important Important Important Important at all 
1 2 3 4 5 
C.l Has there ever been any concern that there might not be uptake or adoption of the 
standard? If no, why? 
If yes, what were your concerns and how were they overcome/ avoided? 
C.2 Have there been any hindrances to the successful uptake of the standard? 
If yes, what were they and how were they overcome? 
Could more have been done to overcome them 
C.3 What impact do the following factors have on the adoption and diffusion of a 
standard, and how important do you think the following factors are in impacting 
the adoption and diffusion of the standard? 
3.1 Role(s) of the initiator(s) of the development of the standard 
3.2 Drivers for development of the standard 
3.3 Type of development process 
3.4 Revisions 
3.5 Funding Agreements 
3.6 Costs 
3.7 Time taken for the development of the standard 
3.8 Stakeholder participation (balance and diversity) 
3.9 Type of alliance 
3.10 Involvement of tool providers I vendors 
3.11 Focus of the standard 
3.12 Brand identification 
3.14 Pilots or demonstrations 
3.15 Promotion and awareness e.g launch days, seminars, workshops 
3.16 Information and Communication Channels 
3.17 Support- e.g govt or NSB's 
3.18 Pre or Post investment appraisal (ROI, CBA, TCO Business case, 
real world examples) 
3.19 Intellectual property agreements 
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C.4 How important do you think the following standard characteristics factors are in 
impacting the adoption and diffusion of the standard? 
4.1 Relative advantage 
4.2 Compatibility 
4.3 Complexity 
4.4 Stability 
4.5 Developed from any existing standards 
C.S Were any specific technologies used to develop or implement the standard? 
C.6 
C.7 
C.8 
.9 
Did any characteristics of these technologies impact the adoption and 
diffusion of the standard? 
How important were these characteristics in facilitating the adoption and 
diffusion of the standard? 
Compatibility 
Security 
Scalability 
Reliability 
Maturity 
A standard in its own right 
Did any characteristics of the adopting community/organization impact the 
adoption and diffusion of the standard? 
How important were these characteristics of the adopting 
community/organization in facilitating the adoption and diffusion of the 
standard? 
Size and type 
Community I Organizational culture B 
How would you best describe the current adoption and rate of uptake (diffusion) 
of this standard as a whole? (very good, good.jair, poor, very poor) Why? 
What in your opinion are the main barriers to the adoption and diffusion of 
standards? 
What in your opinion are the most important factor(s) in the adoption and 
diffusion of standards? 
C.IO Do you have any other general perspectives or comments on the effective 
adoption, diffusion and evaluation of [Military] [ISO] standards? 
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Section D - Organizational adoption and implementation 
D.l Have you or your organization been involved in the implementation of this 
standard within an organization? Which organization? 
What was your role? 
Why did you or your organization get involved? 
OR 
Have you been involved with implementing the standard within your own 
organization? 
D.2 Who initiated the idea to adopt the standard within the organization? 
D.3 What were the motivations or drivers for adopting the standard? 
Probe impact on adoption decision 
D.4 Were there any other external pressures or drivers for adopting the standard? 
What were they? 
Probe impact on adoption decision 
D.5 What was the size and type of organization? 
Probe impact on adoption decision 
D.6 Was the organization involved in the conception or development of the 
standard? 
Probe impact on adoption decision 
D. 7 Did the organization have a history or record of adopting standards? 
Probe impact on adoption decision 
D.8 Which of these adopter terminologies do you think best describes the 
organizations attitude towards adopting this standard? (Innovator, early 
adopter, early majority, late majority, laggard) Why? 
Is this indicative of the organizations general culture towards adopting 
standards? 
Probe impact on adoption decision 
D.9 Was there availability of resources to implement the standard? (Skills, support, 
training) 
Probe impact on adoption decision 
D.lO Did the organization have standards with similar functions already 
implemented and being used? (installed base, sunk costs) 
Probe impact on adoption decision 
D.ll Were any other competing standards considered during the adoption decision-
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making process? 
If yes, why was this standard in adopted in preference to any 
competing standard? 
D.l2 What were the main costs associated with the adoption of the standard? 
(Implementation costs-hardware, software, maintenance costs, Consultancy 
fees, Employee training, Organizational restructuring, Standard body 
membership fees .. e.t.c) 
Were they expected, or were there hidden costs? 
Would prior knowledge of these costs have helped/hindered the 
adoption process in the organization 
D.13 What were the benefits associated with the standard? (Improved business 
operations, development of new material and future sales, cost optimisation, 
influence on regional and international bodies, safety, increased commercial 
viability, legal compliance, improved data exchange ... e.t.c) 
What were the most important benefits? 
Were they realised in the expected time frame. 
Did the benefits outweigh the costs? 
D.14 Was any pre or post-implementation evaluation carried out? 
If yes, how was this carried out? (e.g ROI, CBA, TCO) 
If no, would this have helped the adoption process 
D.15 Were there any barriers to the adoption of the standard within the 
organization? If no, why? 
If Yes, what were the barriers to the adoption of the standard within the 
organization? (Resistance to change, cultural issues, organizational 
politics, resource scarcity, user buy-in, difficulty in identifying costs 
and benefits, poor planning, reliability of the technology, security 
concerns, loss of intellectual property.) 
What were the most significant barriers 
How were these barriers overcome? (Securing support, conducting a 
value assessment e.g. business case, pilot project, joining standard 
development committees, training e.t.c) 
D.16 Were any pilots or demonstrations carried out during the adoption and 
implementation phase? 
Probe impact on adoption decision 
D.17 Was there a point person or project manager who championed the adoption of 
the standard within the organization? 
Probe impact on adoption decision 
0.18 Were any of these characteristics of the standard an important factor in the 
adoption decision-making process within the organization? 
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(Maturity, relative advantage, compatibility, complexity, trialability, 
observability, characteristics of the related technology- recommendation of 
the standard, security, scalability, reliability, maintainability, maturity, 
flexibility) 
D.19 Was the current level of adoption and diffusion within the stakeholder 
community taken into account (Network effects)? 
Probe impact on adoption decision 
D.20 Was support for the standard available? (Sponsorship/funding, promotion and 
awareness, software, information channels & communication, other resources) 
Probe impact on adoption decision 
D.21 Who was the final decision maker(s) with regards to adopting the standard? 
Are you aware of what the decision criteria was? Strategic, financial, 
technical, policy. 
D.22 Is the standard still being actively used in the organization as specified/agreed? 
Is it regarded as being a success? How (cost savings, wider potential 
market, improved technological image, e.t.c ... ) 
D.23 What in your opinion are the most important barriers to the decision to adopt a 
standard within an organization? 
D.24 What in your opinion are the most important factor(s) in the decision to adopt 
a standard within an organization? 
D.25 Do you have any other general perspectives or comments on the effective 
adoption, implementation and evaluation of standards within an organization? 
D.26 Were you or your organization involved in the development of any 
tools/software fro the standard? 
If yes, include section E 
307 
The Adoption and Diffusion of Data-exchange Standards Appendix C-2 
Section E- Tool Provider Involvement 
E.l What stage in the standardization process did you decide to get involved in the 
development of tools for the standard? 
Why did you get involved at that time? 
E.2 What were your considerations for going into the development of tools for this 
standard? 
Was this established in any formal Investment appraisal? How? 
E.3 Were there any challenges in being involved with the development of tools for 
the standard? 
What were they and how were they overcome? 
E.4 Were there any benefits in being involved in the development of tools for the 
standard? 
Were they expected? 
E.S What were the main costs in being involved in the development of tools for the 
standard? 
E.6 Are you or your organization committed to the continued uptake of the 
standard? Why 
E.7 Do you believe there will be successful adoption and diffusion of the standard 
across its targeted stakeholder group? Why? 
E.S Do you have any concerns that there may not be uptake of the standard? Why? 
E.9 What in your opinion are the main barriers to the effective adoption and 
diffusion of standards? 
E.lO What in your opinion are the most important factor(s) in the effective adoption 
and diffusion of standards? 
E.ll Have you or your organization been involved in the implementation of the 
standard within an organisation? 
If yes see section D 
Do you have any final comments or questions? 
Thank you for your time. 
END OF INTERVIEW 
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Phase two interview agenda 
Building on the results of the first case studies, this interview aims to 
identify the following: 
• The factors that impact the adoption and diffusion ofPLCS 
• The factors that affect the adoption ofPLCS within an 
organisation 
• The factors that impact the general adoption of STEP (ISO 
10303) 
This interview is divided into 5 sections based on the roles of the 
interviewees. 
Sections 
Section A -'- Background 
Section B -Developer questions 
' ~ ' '• < 
Section C::-Software ve:11dor questions ·. 
' ' .,.,· . ' '•<: ' ' : 
·Section D --: ImplementerBuestions 
Section E --'End-user. questions. 
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Section A - Background 
A.l Name: 
Organization: 
Position: 
Em ail: 
A.2 Which ofthese titles best describes you or your organizations' involvement with the standard? 
Standard Software Implementer End-User 
developer Vendor (Involved in 
implementing the 
standard within an 
organisation} 
Section B Section C Section D Section E 
A.3 If you have more than one role which would you say is your main role? (Go to relevant section 
first, and do no more than two sections for each interviewee) 
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Section B - Developers Questions 
Development initiators and drivers 
B.l When did development ofPLCS begin? 
8.2 Who would you say were the main individual(s) or organization(s} that initiated the 
idea for the development ofPLCS? 
Did they have a history of involvement in the STEP community 
What is their role in relation to the standard? (Probe - Owner, potential user, 
funder, software vendor) 
Did this have an impact on the adoption ofPLCS? If yes, is it positive, 
negative or both. Why? 
8.3 What were the main drivers/motivations behind the development of PLCS? -Probe 
impact on adoption 
Development process 
8.4 Which stage of the ISO development process best describes the current status of 
PLCS? (Proposal; preparatory; committee; enquiry; approval; publication, 
review, or implementation and use) 
8.5 How long has the development process from conception to publication taken or 
expected to take? 
Had work been done on PLCS before it became part of the ISO process? 
Was the standard developed from any existing standards? If Yes, Please state 
what they are. 
Were there any delays in the development ofPLCS? 
If yes, what caused these delays and how were they overcome 
Probe impact on adoption 
8.6 Was there a high degree of learning during the early stages of development? If yes, 
what were the main learning areas? 
B. 7 Have there been any reviews or revisions of PLCS? If yes, when and why? - Probe 
impact on adoption 
8.8 What were the main funding sources for the development ofPLCS? 
Was the funding consistent 
Probe impact on adoption 
Dynamics of the development team 
8.9 What is/was the makeup of the development participants? (the adopter and user 
community/organizations, government, tool providers (certification and accreditation 
bodies, software vendor, trainers, consultants, researchers, etc) 
Did you perceive a balance of participation by the stakeholder groups affected 
byPLCS? 
Did you perceive a balance between academics and strategic business owners? 
Was there a full time dedicated developers or were they part time? 
Was attendance consistent? 
Was there a clear lead of the development teams? 
Was there a final decision maker? Who? 
In your view, was there any dominant stakeholder group? 
Probe impact on adoption 
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B.lO Were Small to Medium Enterprises involved in the development ofPLCS?- Probe 
impact on adoption 
If yes, how did you engage the SME's? 
If no, why not? 
B.ll Were software vendors involved in the development process? -Probe impact 
on adoption 
B.12 Were subscription fees paid by the different stakeholder groups involved in the 
development ofPLCS? If yes, were equal fees paid?- Probe impact on 
adoption 
B.13 Were there any Intellectual Property Agreements?- Probe impact on adoption 
Standard characteristics 
B.14 Does PLCS have any competing standards? 
If yes, has PLCS got clear advantages over its competing standards? 
Has this been proven? 
Probe impact on adoption 
B.15 Do you have an understanding of the ARM, AIM and MIM structure ofPLCS? 
-Probe impact on adoption 
B.16 Have you done any PLCS mapping? -Probe impact on adoption 
B.17 Has the reference data library for PLCS been developed? -Probe impact on 
adoption 
B.l8 Some implementers and end-users of STEP think application protocols like 
PLCS are complex. Do you agree or disagree with this view? Why? - Probe 
impact on adoption 
B.19 Are you aware of the cost of purchasing PLCS from ISO?- Probe impact on 
adoption 
B.20 What are the expected benefits ofPLCS? 
Have these been established or evaluated or captured in any form of 
Investment appraisal techniques? 
If yes, How? (e.g, ROI, CBA, TCO) 
If no, why not? 
Probe impact on adoption 
B.22 Are you aware what the main implementing technologies ofPLCS are? 
Do you think the use of EXPRESS has an impact on the adoption of STEP 
application protocols like PLCS? 
Do you think the use of Part 28 (XML) has an impact on the adoption of STEP 
application protocols like PLCS? 
What technology characteristics are important to encourage adoption of 
standards like PLCS? (Security, scalability, reliability, maintainability, 
maturity, flexibility) 
B.23 Are there software tools available to implement PLCS? -Probe impact on adoption 
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Communication Channels and Marketing 
B.24 Have any activities been carried to encourage uptake of PLCS? 
If yes, what are they? (e.g. Launch days, pilots or demonstrations) 
Do you think this has been beneficial to the adoption and diffusion ofPLCS? 
Have they been beneficial to any adopting organizations? 
B.25 IS there a website devoted to the development and progress ofPLCS?- Probe impact 
on adoption 
B.26 Do you think it is worth investing time and money in these activities to ensure the 
development and adoption of PLCS? 
STEP community 
B.27 Do you think there politics within the STEP community?- Probe impact on adoption 
B.28 How is STEP marketed? - Probe impact on adoption 
B.29 Is there an impartial body able to test and verify whether software vendor's products 
are compliant with STEP? -Probe impact on adoption 
If no, do you think this would be of benefit? 
B.30 How does the STEP community keep up with new and emerging technologies?- Probe 
impact on adoption 
B.31 Are there any success stories on the general adoption of STEP? 
ISO 
If yes, how can these stories be accessed? 
Probe impact on adoption 
B.32 Do you think the brand identification of!SO standards has an impact on adoption? 
B.33 Do you think end-user perceptions of!SO have had an impact on adoption PLCS? 
B.34 Do you think there is bureaucracy within the ISO? - Probe impact on adoption 
General 
B.35 Has there ever been any concern that there might not be uptake or adoption of PLCS? 
If no, why? 
If yes, what were your concerns and how were they overcome/ avoided? 
B.36 Have there been any hindrances or barriers to the successful uptake ofPLCS? 
If yes, what were they and how were they overcome? 
B.37 What in your opinion are the main barriers to the uptake of STEP? 
B.38 What in your opinion are the main factors that facilitate the uptake STEP? 
B.39 Do you have any other general perspectives or comments on the effective adoption, 
diffusion and evaluation of STEP? 
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Section C - Software vendor questions 
C.l At what stage in the ISO standardization process did you decide to get involved in 
the development of tools for PLCS? 
-Why did you get involved at that time? 
C.2 What were your considerations for going into the development of tools for this 
standard? 
Was this established in any formal Investment appraisal? How? 
C.J Is there an impartial body able to test and verify whether your products are 
compliant with STEP? -Probe impact on adoption 
If no, do you think this would be of benefit? 
C.4 Some implementers and end-users of STEP think application protocols like PLCS 
are complex. Do you agree or disagree with this view? Why? - Probe impact on 
adoption 
C.S What are the main implementing technologies ofPLCS? 
Do you think the use of EXPRESS has an impact on the adoption of STEP 
application protocols like PLCS? 
Do you think the use of Part 28 (XML) has an impact on the adoption of 
STEP application protocols like PLCS? 
What technology characteristics are important to encourage adoption of 
standards like PLCS? (Security, scalability, reliability, maintainability, 
maturity, flexibility) 
C.6 Were there any challenges in being involved with the development of tools for 
PLCS? 
What were they and how were they overcome? 
C.7 Were there any benefits in being involved in the development of tools for PLCS? 
Have these benefits been verified? 
C.8 Are you or your organization committed to the continued uptake of PLCS? 
C.9 Do you believe there will be successful adoption and diffusion of PLCS across its 
targeted stakeholder group? Why? 
C.lO Has there ever been any concern that there might not be uptake or adoption of 
PLCS? If no, why? 
If yes, what were your concerns and how were they overcome/ avoided? 
0.11 Have there been any hindrances or barriers to the successful uptake of PLCS? 
If yes, what were they and how were they overcome? 
0.12 What in your opinion are the main barriers to the uptake of STEP? 
C.13 What in your opinion are the main factors that facilitate the uptake STEP? 
C.14 Do you have any other general perspectives or comments on the effective adoption, 
diffusion and evaluation of STEP? 
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Section D- Implementer questions 
(These questions relate to the adoption of P LCS within an organisation) 
C.l Have you or your organization been involved in the implementation of this standard 
within an organization? Which organization? 
Why did you or your organization get involved? 
OR 
Have you been involved with implementing the standard within your own 
organization? 
C.2 Who initiated the idea to adopt PLCS within the organization? -Probe impact on 
adoption 
C.3 What are the motivations or drivers for adopting PLCS within the organisation? 
Do you think the need to use standards for data integration is generally 
understood throughout your organisation? - Probe impact on adoption 
C.4 IS there any external pressures or drivers for adopting PLCS? What are they?- Probe 
impact on adoption 
C.5 Were you or your organization involved in the conception or development of PLCS? -
Probe impact on adoption 
C.6 Does the organization have a history or record of adopting STEP standards? -Probe 
impact on adoption 
C. 7 Is there an availability of resources to implement PLCS? (Skills, support, training) -
Probe impact on adoption 
C.8 Does the organization have standards with similar functions already implemented and 
being used? -Probe impact on adoption 
C.9 Were any other competing standards considered during the adoption decision-making 
process? 
If yes, why was PLCS adopted in preference to other competing standard? 
C.lO What were/are the main costs associated with the adoption ofPLCS? (Implementation 
costs-hardware, software, maintenance costs, Consultancy fees, Employee training, 
Organizational restructuring, Standard body membership fees .. e.t.c) 
Were they expected, or were there hidden costs? 
Would prior knowledge of these costs have helped/hindered the adoption 
process in the organization 
C.ll What are the benefits associated with PLCS? 
Has a value assessment of any sort been carried out? 
If yes, how was this carried out? (e.g ROI, CBA, TCO, business case) 
If no, would this have helped the adoption process 
C.12 Are any pilots or demonstrations carried out within the organisation?- Probe impact 
on adoption 
C.13 Is PLCS being marketed within the organisation? 
If yes, how is it being done? 
Has the standard been marketed at all levels? -Probe impact on adoption 
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C.14 Is there a point person or project manager championing the adoption ofPLCS within 
the organization? - Probe impact on adoption 
C.15 Are you aware of the current level of adoption ofPLCS across its stakeholder 
community been taken into account? 
Has this had an impact on the adoption decision within this organisation? 
C.16 Is there support from the wider STEP community during the adoption ofPLCS within 
this organisation? 
C.17 Who is the final decision maker(s) with regards to adopting the standard? 
Are you aware of what the decision criteria was? Strategic, financial, 
technical, policy. 
C.18 Are there any barriers to the adoption ofPLCS within the organization? If no, why? 
If yes, have any of the following barriers emerged within this organisation? 
(Resistance to change, "not invented here syndrome", end-user attitudes towards 
STEP and ISO standards in general, Initiative overload, funding for change, 
organizational politics, resource scarcity, difficulty in identifYing costs and 
benefits, poor planning of the project, reliability of the implementing 
technologies, security concerns, industry dictating what the MoD do, identifYing 
the business processes that are impacted by the standard based system) 
Are there any other barriers? 
What are the main barriers? 
Have any barriers been overcome? If yes, how? 
C.19 What in your opinion are the main factors that could facilitate the uptake of a standard 
like PLCS within the organisation? 
C.20 Do you have any other general perspectives or comments on the effective adoption, 
diffusion and evaluation of standards like STEP? 
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Section E- End-user questions 
(These questions relate to the adoption of PLCS within an organisation) 
E.l How did you hear about PLCS? 
E.2 Have you had previous exposure to PLCS? When and How? 
E.3 Some implementers and end-users of STEP think application protocols like PLCS 
are difficult. Do you agree or disagree with this view? Why? 
E.4 Are you aware of the benefits ofPLCS? 
Is it important for you to see the benefits quantified in a compelling 
business case? 
E.5 Do you think there is a need for standards like PLCS in your work area? 
E.6 Do you think there is a need for standards like PLCS in your organisation as a 
whole? 
E.7 Do you think the need to use standards for data integration is generally understood 
throughout your organisation? 
E.S Do you think standards like PLCS should be mandated? Why? 
E.9 Have you had to use other ISO standards? -Probe impact on adoption and use 
E.l 0 Have you been to any pilots and demonstrations? Were they of any benefit? 
E.ll Which is more important to you, understanding the standard, or having a system 
that works? Why? 
E.12 Are there any barriers to the adoption ofPLCS within your organization? If no, 
why? 
If yes, have any of the following barriers emerged within this organisation? 
(Resistance to change, "not invented here syndrome", end-user attitudes 
towards STEP and ISO standards in general, Initiative overload, funding for 
change, organizational politics, resource scarcity, difficulty in identifying costs 
and benefits, poor planning of the project, reliability of the implementing 
technologies, security concerns, industry dictating what the MoD do, 
identifying the business processes that are impacted by the standard based 
system) 
Are there any other barriers? 
What are the main barriers? 
Are you aware if any barriers have been overcome? If yes, how? 
E.13 What in your opinion are the main factors that could facilitate the uptake of a 
standard like PLCS within the organisation? 
E.14 Do you have any other general perspectives or comments on the effective adoption, 
diffusion and evaluation of standards like STEP? 
Do you have any final comments or questions? 
Thank you for your time. 
END OF INTERVIEW 
317 
The Adoption and Diffusion of Data-exchange Standards Appendix C-4 
PhD Tjmeline 
"ctober 2002 - Start of PhD 
PLCS and XML investigations Literature Review (EXPRESS and XMLtrainingrourses) 
KEY necember 2002 
D - Developer 
- Continued literature review I- Implementer 
S • Software vendor - Building the conceptual framework and model 
E- End-user - Formulating research questions 
G - Group interview - Defining the case 
•- Delayed interview 
- Sampling the standards and roles 
-ISO 10303-224 
- Determining data collection methods 
-ISO 15926-2 
_NCS ugust 2004 
nef Stan 00-60 
_____j>LCS 26/08-D/E 31/08-D/E 
02/09- E 
08/09 -I 
08/09- DIE 
14/09- liE 
15/09- D"'" 
16/09 -liE Phase One data collection Day/month of interviews 21/09-D"~ -Inteniews 
and 
-Documentation 
roles of interviewees 27/09-D/E 
-Archival records 30/09- s 
05/10-1 
05/10 -I 
05/10-1 
07/10- I 
14/10-D/E 
30/11 - D/1 
02/12- D/1 
07/12- D/S 
'anuary 2005 
t Preliminary analysis of Phase One data Preparation for Phase Two data collection 
J1ebruary 2005 
llM POC ""rkshops t Phase Two data collection 
Apri12005 -Interviews 
04/05 - DIE!h!L_ - Documentation 
14/06-E-~ -Archival records 
Day/month of interviews 19107-D~ - Direct observation 
and 22/07 -DJS• - Questionnaire 
roles of interviewees 27/07 -D/S--
28/07 - D/S --
ugust 2005 
1 Analysis of Phase One and Two data Writing of PhD thesis 
•uly 2006 - Submission of PhD Thesis 
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Letter sent to research interviewees 
Dear [name], 
My name is Josephine Wapakabulo, and I am a PhD student from Loughborough 
University currently based at LSC Group in Tamworth, working alongside Dr. Tim 
King and his STEP/PLCS team. I have been carrying out research into the development 
of standards such as PLCS, and am now undertaking a series of case studies to further 
my research into the adoption, diffusion and evaluation of ISO data-exchange 
standards and military standards. 
Ultimately, by means of this case study approach, I hope to identify and document 
answers to questions such as: What are the motivations or drivers behind the 
development of these standards? Who are the stakeholders involved in the development 
· and adoption of these standards, what form of alliances do they have, and why did they 
come on board? What are the factors that influence the rate of adoption (uptake) of 
these standard? What are the main costs, benefits and barriers associated with the 
development and adoption of these standard? What tools are used to support the 
adoption and implementation of these standards? What methods are used to evaluate 
the return of investment of these standard? and, is it worth investing time and money 
into the development of a standard to guarantee adoption? 
On the advice of Tim, you have been identified as someone who would be able to offer 
insight into this research area, specifically with regards to [IS015926 I NCS I 
DEFSTAN 0060 I ISO 10303-224 I PLCS]. This email is therefore being sent to you to 
request your time, experience and patience for an approximately !-hour interview at a 
time and place that is amenable with your schedule between [date] and [date]. In 
addition, I would like to tape record the interview only to facilitate transcription in the 
interest of research analysis. I will be interviewing about five different experts for each 
of four different standards and complete anonymity as regards to sources of 
information will be upheld. Once I have compiled the results, I will send you a 
summary of the complete research findings. 
Thank you for your time, and I look forward to your response. 
Kind Regards, 
Josephine Wapakabulo Thomas 
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Research Code list 
Table C-6a: Original list of codes based on the conceptual models 
k;ode Dei~ription .. 
BACKGROUND. 
BG.Interviwee role 
BG. 
----,,. . --- ... 
'BG.INTROLE 
'sG.standard current status •.. 
BG.interviewee involvement moiivati~n 
BG. interviewee involvement evaluation 
BG.standards current status 
·-- ...... , •''"''. . ···-
CONCEPTION 
CON. initiators 
CON.initiators role 
. . .. 
.CON.initiators role impact (development) + 
CON. initiators role impact (development)-
CON.initiators role impact (adoption) + 
CON. initiators role impact (adoption)-
DEVELOPMENT 
bEV.motivations 
DEV.motivations impact (development)+ 
DEV.motivations impact (development)-
DEV.motivations impact (adoption)+ 
DEV.motivations impact (adoption)-
DEV.participants 
DEV.participants motivations 
BG.STACURSTA 
· .. BG.INTINVOL.MOT 
. BG.INTINVOL.EVA 
BG.STACURSTA 
CON 
:coN.INI 
CON.INI.ROLE 
~ CClN.INI.ROLE.IMPDEV+ 
: CON.INI.ROLE.IMPDEV- ' 
CON.INI.ROLE.IMPADP+ 
· CON.INI.ROLE.IMPADP-
.'DEV 
.. ·.• oi:v.Mcn. 
. DEV.MOT.IMPDEV+ 
. DEV.MOT.IMPDEV-
• DEV.MOT.IMPADP+ 
• DEV.MOT.IMPADP-
.DEV.PART 
DEV.PART.MOT 
DEV.participants balance . DEV.PART.BAL 
DEV.participants balance impact (development)+, DEV.PART.BAL.IMPDEV+. 
DEV.participants balance impact (development)- .: DEV.PART.BAL.IMPDEV-
DEV.participants balance impact (adoption)+ . : DEV.PART.BAL.IMPADP+. 
DEV.participants balance impact(adoptionk. DEV.PART.BAL.IMPADP~ 
DEV.alliance type 
'"'-'"'"' 
DEV.alliance type impact (development)+ 
DEV.alliance type impact (development)-
DEV.alliance type impact (adoption)+ 
DEV.alliance type impact (adoption)- . 
DEV.process type 
DEV.process type impact (development)+ 
. DEV.ALITYPE . 
J DEV.ALITYPE.IMPDEV+ 
. DEV.ALITYPE.IMPDEV-
DEV.ALITYPE.IMPADP+ 
• DEV.ALITYPE.IMPADP-
' ····· 
.. DEV.PRO.TYPE. 
'; DEV.PRO.TYPE.IMPDEV+ 
' . 
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-
DEV.process type impact (development)- . 
DEV.process type impact (adoption)+ 
. ., . ' .. ,., " ,---·-· . 
DE:V.processtype impact (adoption)-
DEV.proc::ess timescale impact (adoption)+ 
DEV.process timescale impact (adoption)-
DEV.process barriers 
.. --. " ~-~--'-
DEV.PRO.rvPE.IMfDEV-_ 
. DEV.PRO,TYPE.IMPADP+ 
·; DEiii>Ro .. rv.E'E.IMPAoP,_ 
·-- 'oE:V:i>RO:l-1'ME:-sc 
· . _: DEv. PRO.iJMEisE::IioP+ ~ 
.. •'·' -- . , .. , .. _, ____ '""''~---~-
• DEV.PRO.TIMESE.ADP-
" .. , ---- - . ~ 
DEV.PRO.BARR 
DEV.process ove;coming barrieiS 
'DE:v.exisiing sta~dan:ts . - . 
_ , DEv]>Ro.OVERBAR. 
. . •. - ; DEV.EXSTAN .. -- -... -
. , .... -~--' . ''·''"'0'<''"'' --~- --- "'""" 
DEV.existing standards impact (development)+ • DEV.EXSTAN.IMPDEV+ 
. . ... . . .... . .. ,... . . . " . - . 
DEV.existing standards impact (development)- .. DEV.EXSTAN.IMPDEV-
DEV.exisiing 5iailc:iarCis impaci'(aC!option)+ · ·_: oE:V.ExsfA'N:IMF>A:oF>+ -
DEV.existing standards impact (adoption)-
DEV.costs 
' . -
DEV.costs expected 
DEV.costs unexpected 
DEV.costs impact (adoption)+ 
DEV.costs impact (adoption)-
DEV.expectations 
DEV. facilitators 
DEV.intellectual property rights 
REVISIONS 
. ' . . 
REVS.impact (development)+ 
REvsjmpaCi (de~eiopment)- · 
REvs: impact (adoption)+ .. 
REVS. impact (adoption)-
FUNDING SOURCE 
FUNDSOR. impact (development)+ 
FuN os OR. impact (development)-
FUNosoR. impact (adoption)+ 
FUNDSOR.impacl (adoption)-· 
.,,,. , .. ?··--· ., , .. 
BENEFITS 
Benefits expected 
Benefits tangible 
Benefits intangible 
DEV.EXSTAN.IMPADP-
•DEV.COSTS 
DEV.COSTS.EXP 
• DEV.COSTS.UNEXP. 
, DEV.COSTS.IMPADP+ 
. DEV.COSTS.IMPADP-
.• DEV.EXPEC . 
,DEV.FACIL 
.DEV.IPR 
-
REVS 
, REVS.IMPDEV+ 
. -. REVS.iMPDEV-
REVS.IMPADP+ 
REVS.IMPADP-
,FUNDSOR 
, FUNDSOR.IMPDEV+ 
FUNDSOR.IMPDEV-
• FUNDSOR.IMPADP+ 
FUNDSOR.iMPADP-
BENE. 
"" ..... 
.. BENE.EXP 
._BENE.TAN. 
BENE.INTAN 
I 
' 
' .. ~ 
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.,K:"'-od:::e:...;:D""e""s.=.:cr"'ii?~ti~b::.ri ---""-·'"'": _ .• ·"""'""'---"-'-..... :)Pod~ '. ':: : .. J 
RETURN ON INVESTEMENT 
ROI approach 
ROI impact (adoption)+ 
ROI impact (adoption)-
TOOL PROVIDER (Software vendors) 
,... .. - , ... 
TP.involvement motivations 
TP.involvement evaluation 
-
JP.involvement impact (development)+:~, 
TP.involvement imp~ct (development)~ 
TP.involvement impaci (adoption)+ 
TP.involvement impact (adoption)-
TP.involvement benefits 
TP.involvement challenges 
• I• ~-·-· 
JP .adoption concerns 
SUPPORT ACTIVITIES 
SUPPACT.impact (adoption)+ 
'$uPPACT.impact(adoption)-
.. . ' 
SUPPACT.impact (adoption decision)+ 
SUPPACT.impact (adoption decision)-
SUPPORT FROM FUNDING 
SUPPFUND.impact(development)+ 
o F'C' "• ~-"' 
SUPPFUND.impact (development)-
SUPPFUND.impact (adoption)+ 
SUPPFUND.impact(adoption)- .. 
--- - .. 
BRAND IDENTIFICATION . 
·sR.A.NDID. iriillact (adoiitionF . : 
BRANDID.impact (adoption)-
STANDARD CHARCATERISTICS 
STANCHAR.relative advantage 
STANCHAR.compatablity 
STANCHAR.complexity 
. . . 
STANCHAR.stability 
STANCHAR.maturity 
STANCHAR.impact (adoption)+ 
STANCHAR.impact (adoption)-
ROI 
:ROLAPP 
ROLIMPADP+ 
ROLIMPADP-
-. 
:)"P 
TP.INVOLMOT .•... 
TP.INVOL.EVAL 
"'"" ~' -.... 
. )"P.INVOI,.IMPDEV+ 
l'F>.INvot.::iMPDEv-
..• TP.INVOL.IMPADP+ 
TP.INVOL.IMPADP-. 
TP.INVOL.BENE 
. TP.INVOL.CHALL 
i TP.ADPCONS 
SUPPACT 
: SUPPACT.IMPADP+ 
SUPPACT.IMPADP-. 
. SUPPACT.IMPADPDEC+ 
SUPPACT.IMPADPDEC-
.. 
. SUPPFUND 
..• SUPPFUND.IMPDEV+ 
SUPPFUND.IMPDEV-
·.· SUPPFUND.IMPADP+ 
SUPPFUND.IMPADP-
:BRANDID 
; sR.A.Ni:iio.iMPADP+ . 
. •' "~-
; BRANDID.IMPADP-
• ? ,.-.... ' . , .. _,, --· "''''' .• 
;STANCHAR 
. STANCHAR.RELADV 
STANCHAR.COMP 
,.,, '""'•'• 
STANCHAR.COMPLEX 
STANCHAR.STAB 
STANCHAR.MAT 
STANCHAR.IMPADP+ 
.. STANCHAR.IMPADP-
' 
--- .,, 
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~Kiil:::Od:::::e:..tD~e:.::::sc~ri~utwio~ri~...'i;;..' · .• """"~"'-'~'; ...... < _> ... 1<_.;_;: ::....· ;.;.·;.;.::~iJ @<idl·} ~ •:., • : 
STANCHAR.impact (adoption decision)+ ··1 STAijctiAR.IMPADPDEC+ . 
STANCHAR.impact (adoption decision)- .. : STANCHAR.IMPADPDEC, 
ORGANISATION CHRACTERISTICS 
ORGCHAR.size and type 
ORGCHAR.existing infrustructure 
ORGCHAR.resource availablity · 
ORGCHAR.organizational culture 
ORGCHAR.internal pressure 
ORGCHAR.external pressure 
ORGCHAR.impact (adoption)+ 
ORGCHAR.impact (adoption)-
ORGCHAR.impact (adoption decision)+ 
. ORGCHAR.impact (adoption decision)-
,. ' ~ '• 
ORAGANIZATIONAL ADOPTION 
ORGADOP.motivation 
ORGADOP.costs 
ORGADOP.costs expected 
ORGADOP .costs unexpected 
ORGADOP.benefits 
ORGADOPOi:larriers · 
ORGADOP :how to overcome barriers ... 
ORGADOP.facilitating factors 
ORGADOP.ROI approach 
ORGADOP .network effects 
ORGADOP.ROI impact (adoption decision)+ 
ORGADOP.ROI impact (adoption decision)-
GENERAL ADOPTION 
ADOp imp'act+ 
ADOP impact-
Adoption concerns 
Adoption barriers 
Adopti~n facmi~tors 
Current adoption rate of the standard 
ORGCHAR 
ORGCHAR.SZTY 
ORGCHAR.EXINF, 
• ORGCHAR.RESAVIL 
ORGCHAR.ORGCUL . 
··~'"' .. 
ORGCHAR.INTPRESS 
· ORGCHAR.EXTPRESS 
. ORGCHAR.IMPADP+ 
'ORGCHAR.JMPADP-
. ORGCHAR.IMPADPDECISION+ 
.. " .. ' . -· -·~" 
; ORGCHAR.IMPADPDECISION-. 
,.. .., ..... . 
• ORGADOP 
, ORGADOP.MOT 
.. ORGADOp.COSTS 
; ORGADOP.COSTSEXP 
• ORGADOP.COSTSUNEXP. 
. ORGADOP.BENE 
· ORGADOP.BARR 
ORGADOP.BARROVER 
• ORGADOP.FACILFAC 
. ORGADOP.ROIAPR 
ORGADOP.NETWORKEFFECTS. 
ORGADOP.ROI.IMPADPDEC+ 
ORGADOP.ROJ.IMPADPDEC-
1 ADOP 
ADOPIMP+ 
.ADOPIMP-
.ADPCONCERNS 
. ADPBARRIERS 
: ADPFACILJTATORS 
.CURRADOPRATE 
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Table C-6b: Main codes that emerged from the data during data analysis 
a..;l C~o~d~e"-'D=es~c;:..rru'Pr.!oti~o~n..;.· ...;..._:._..;.:_ __ ~.......__.If Code : · · · >if 
'Discussions on mandated adoption · , ADOP.MANDATE 
, Attitudes towards standards . A TTITUDES2STANS 
: Backend costs . ' BACKENDCOSTS 
' British standards i' BRITISH STANDARDS~ 
: Button press user interface· : ~ BUTTON PRES:f 
Dealing witlichimge rcHANGlt ' .. '9''' 
. Classification of Information standards .. CLASSIFI.INFO STANS 
. Contract Logistics Support 
Codificationcosts · 
Codification challenges . 
Interaction between· contractors and tool providers 
involved with Def Stan 0060 
Development alliance/process. suggestions 
Development barrier- competition from other . 
, standards 
, Development 'ilrivers 
: Impact of ISO fee on adoption 
· Development participation commitment 
Development participation recruiting steps··· 
, Development participation resistance to change 
Development process balance betWeen academic 
and business orientation 
Complicated development process 
Development process.:. reaching consensus 
Development process - developing the perfect 
standard 
Running tnedevelopment process as a project, 
Lack of support froin the developers 
. Data exchange sets 
' Discussions on education to facilitate adoption 
End-user commitment to the standard 
Lack of end~users invofved in the standard 
· Discussions on the EXPRESS modelling language 
Discussions on the Gellish modelling language 
. causes for implementation delays 
Ways to facilitate implementation 
· lmpacfof tile ISO body· on development and · 
adoption process 
'CLS. 
CODIFICATION COST 
. .. CODIF.ICATION.CHALL . 
. · CONTRACTOR-TP-DS0060 
DEV.ALITYPE.SUGGESTION 
DEV.BARRIERS.COMPETITION 
DEV.DRIVERS 
''DEV.ISOFEE. 
. DEV.PART.COMMITMENT 
. i'DEV.PART.RECRUITING 
" .. DEV.PART.RESISTANCE2CHANGE 
DEV.PRO.ACADEM-BUSINESS 
. , DEV.PRO.COMPLICATED 
, , DEV.PRO.CONSENSUS 
DEV.PRO.PERFECTSTAN 
.~DEV.PRO.PROJECT. 
DEVELOPERS. SUPPORT. LACK 
.DEX's·· 
EDUCATION 
ENDUSERS.COMMITMENT 
. ENDUSERS.LACKING 
EXPRESS 
C3EI .. ISH 
,, 
IMPEMENTATION.DELAYS 
. ' IMPLEMENATION.SUGGESTIO['IS 
"'1 
ISO BODY 
·Challenges managing expectations and perception ·:;MANAGING PERCEPTIONS 
of the standards 
Impact of the STEP mapping exercise 
MoD and industry relationship 
MAPPiNG 
MOD.INDUSTRY.RELA 
I 
'. 
' 
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[ COde Desci:ilition .· : > ' : . ~;J, :\t < : .• '> It caae.('tl >;,! ' ; ! •.. 
. MoD motivations for using standards··~··· .: 'MOD.MOT.STANS 
MoD moti\lations for using STEP . :: Mob:stEP .. · 
Discussions on ontology's and the 'semantic web 
. modelling language 
. Attitudes towards standards within ·an organisation . 
. Organisation adoption champion ·· 
, Organisation a,doption training 
.. Discussions oil'bWC' 
Discussions onXML 
• Examples of project failures · 
. Politics within the adoption process · · 
ONTOLOGY 
.. .. --~' -- -~ 
~ .. 0RG.A TIIZSTANS 
' ORGADOP.CHAM 
; ORGADbP.TRAINING -
' OwL·:•' 
.XML 
POJECT FAILURES EXAMPLES 
·.POLITICS 
Discussions on reference data libraries ·· '• REFERENCE LIBRARY· 
· Reasons for resistance to adoption within the MoD ········RESISTANCE. MOD 
Reasons for.resistance to adoption by MoD 
contractors 
Reasons for resistance to adoption by SME's 
Reasons for resistance to adoption by tool providers 
Impact of the SC4 community on the adoption 
process 
Discussions ori the research nature ofthe standards · 
RESISTANCE.ORG.CONTACTOR 
. RESISTANCE.SME'S 
RESISTANCE.TP 
SC4 COMMUNITY 
STANS.RESEARCH 
. development process 
Marketing .· .. MARKT 
. Key Point . KEYPNT 
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t:!:J ou actually understand the standard and what its meant to achieve and in some way it !2:J !doesn't achieve that and therefore they need to be taking your enquiry seriously. 
. 
I believe that our use of 224 has shown that its is capable of doing what it says at the 
front of tin to represent designs that can be interpreted,. that doesn't mean its been Vllidcly 
adopted. Where the standard has been used its been used well, quite frankly its very very 
Un~er used from many application and many areas where it could be used that arc 
unknown or unadopted. 
·. . Fairly early on in the process it became apparent that they. WSA. had little engagement in 
.oJ fu~ IPT who actually do all of the ordering and the people placing the orders and i::L.J organising suppliers to use the standard. and I think there is that disconnect. essentially 
i. after they'd finished piloting the WSAjust thought everything W'Ould fall into place and 
~would be "W"el1. and I think that was the opinion of everyone who was involved in that. 
tfhe next thing to happen as far we were concemed was to scope the Navy's stores in 
· enns of the applicability but we came preoccupied developing the standard and making 
sure it was generally applicable. the MOD is not an easy customer to have. everybody 
changes position every two years and very little continuity between one set of people to a 
rext so it a constant battle to educate people and they are largely fruitless battles to 
educate people and move fof"W'ard. Its by no means clear to who is the authority or who 
should be doing the background work,. what was fairly clear was that people were not 
doing that and the message reatly wasn't getting through to the IPT's. It probably only 
;with the involvement of DML as a reasonably significant supplier that we managed to 
engage one of the IPT's in taking this approach to supply seriously. So I think that's 
another of the problems and so to some extent we are still grappling with how to 
overcome the disconnect between what the centre of the MoD want to do and mth what ~e commodity managers are doing and who is organising the supply chain. 
I think DML were fortunate in that they had a commodity contract that provided an :::~::_:. 
fn.centive for them to help the minist:ty. I would actually say that they were unusual with .:::::.: 
~aving such a contract. 1";:.:: 
CUARADOPAATE 
SUPPACT 
ORGADOP.BARA 
I think there are people in DML who haven't accepted at all the need to change the way ;::):::: l CHANGE-~ey have done things. So it isn't only DML that are an issue. people in the MoD the )~>, . -~.~~:~~!~E~:~~gCONTACTOR 
commodio/ n:anager~ ~~~se autho~ _!_o some e~~?t ~Clu are t~~ away ~e not . :=.J __  
Figure C-6: A screen capture of a coded interview 
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APPENDIXD 
1. Workshop questionnaire 
2. Additional statistical analysis infonnation 
3. LLM POC Workshop observed questions 
4. Statistical tests table 
Appendix D 
Standards Workshop Questionnaire 
This survey seeks to identify user attitudes towards using ISO data exchange standards like PLCS 
and your views on today's workshop. There will be no identification of individuals who have 
contributed to this survey. 
Please answer all questions as accurately as possible by ticking the relevant box. 
I. Have you been involved in the development of PLCS? 
Yes D No D 
2. Have you been involved in the implementation ofPLCS? 
Yes D No D 
3. Have you been involved in the development and/or implementation of other data exchange standards 
similar to PLCS? 
Yes D No D 
4. Have you been to any pilots or launch days for other data exchange standards similar to PLCS? 
Yes D No D 
Please rate your agreement with the following statements 
Strongly Disagree Neither Agree Strongly 
Disagree Disagree Agree 
or Agree 
5. I think there are benefits in using data 
exchange standards like PLCS when D D D D D integrating different systems 
6. I think there is no significant difference 
between the benefits of standards· based and D D D D D non standards·based systems integration 
-·-·-··-----·--·-··-·---·---·------·--------------·--·-------------.. ------------·---··· .. -----·------·-·------·-·-------·--·-·-·-----·-·-------·--·-··-···--·· 7. I think it is important that systems integration 
is based on commonly agreed data meanings 
8. I believe using standards like PLCS will limit 
the way I do my work 
9. I think it is important to know the financial 
benefits of using standards like PLCS before 
implementing them 
I 0. I think it is important that systems integration 
is based on a data exchange standard 
D D 
D D 
D D 
D D 
D D D 
D D D 
D D D 
D D D 
---------.. --····-------------·----·-··--·-·-·-----·-----------------------------------·---------·-·-----·-------·--·-···------
11. I believe using standards like PLCS in 
systems integration is an unnecessary expense D D D D D 
12. I think it is important that systems integration 
is based on an ISO data exchange standard 
like PLCS D 
PLEASE TURN OVER 
D D D D 
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Please rate your agreement with the following statements 
Strongly Disagree Neither Agree Strongly 
Disagree Disagree Agree 
or Agree 
13. I think standards like PLCS are only worth 
using when they are implemented using XML D D D D D 
I4. I believe there are clear financial benefits 
from using data exchange standards like D D D D D PLCS 
IS. I think standards like PLCS are not expensive 
to implement D D D D D 
I6. I think it is hard to understand the benefits of 
data exchange standards like PLCS D D D D D 
·-·-·--·-·--··-·---·-----·---------------·---·-·--------------.. --------·----·-·-·---.. -----------···-·"-···-··---·---·-·--·"-·--.. --.... -...... -.. ·-·-------·-···-··-··--·-----.. 
I 7. I think data exchange standards like PLCS are 
complex D D D 
I 8. Please tick the box that best describes your managerial responsibility. 
Senior/Board-level D 
management 
Other-level D 
management 
Non-managerial D 
I9. Please tick the box that best describes the nature of your job. 
Mostly Technical D Mostly Non- D 
technical 
20. Has your attitude towards using data exchange standards, like PLCS, been influenced by 
today's conference room pilot? 
Yes 0 No D 
If Yes, are you: 
More favourable D Less favourable D 
This is the end of the questionnaire. 
Thank you for your time. 
D 
If you interested in receiving a summary of the results please see Jo Wapakabulo. 
D 
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Statistical analysis additional information 
Proposition 1: General attitude 
Valid 
Missing 
Total 
Summary of responses and median 
TotaiAttitude 
N Valid 
Missing 
Median 
138 
2 
44.00 
Distribution and frequency of responses 
Freouencv Percent Valid Percent 
32 1 .7 .7 
34 1 .7 .7 
37 2 1.4 1.4 
38 4 2.9 2.9 
39 4 2.9 2.9 
40 8 5.7 5.8 
41 10 7.1 7.2 
42 10 7.1 7.2 
43 15 10.7 10.9 
44 18 11.4 11.6 
45 10 7.1 7.2 
46 14 10.0 10.1 
47 10 7.1 7.2 
48 7 5.0 5.1 
49 7 5.0 5.1 
50 3 2.1 2.2 
51 6 4.3 4.3 
52 2 1.4 1.4 
53 3 2.1 2.2 
54 3 2.1 2.2 
55 2 1.4 1.4 
Total 138 98.6 100.0 
System 2 1.4 
140 100.0 
Cumulative 
Percent 
.7 
1.4 
2.9 
5.8 
8.7 
14.5 
21.7 
29.0 
39.9 
51.4 
58.7 
68.8 
76.1 
81.2 
86.2 
88.4 
92.8 
94.2 
96.4 
98.6 
100.0 
Appendix D-2 
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Proposition 2: Impact of workshop 
Workshop Impacted attitude • Favourable 
Favourabl 
Workshop No Count 
attitude Expected 
%within 
impacted 
%within 
%of 
Yes Count 
Expected 
%within 
impacted 
%within 
%of 
Total Coun 
Expected 
%within 
impacted 
%within 
%of 
Proposition 3 : Difference of attitude by groups 
o PLCS developers and non-developers 
Medians 
TotaiAttitude 
PLCS DEV N 
No 112 
Yes 26 
Total 138 
Test Statistics" 
More 
lo. mohlo 
0 
30.2 
.0% 
.0% 
.0% 
94 
63.8 
98.9% 
100.0 
67.1% 
94 
94.0 
67.1% 
100.0 
67.1% 
Median 
44.00 
46.50 
44.00 
TotaiAttitude 
Mann-Whitney U 1012.500 
WilcoxonW 7340.500 
z -2.422 
Asymp. Sig. (2-tailed) .015 
a. Group1ng Vanable: PLCS DEV 
No impact 
45 
14.8 
100.0 
97.8% 
32.1% 
1 
31.2 
1.1% 
2.2% 
.7% 
46 
46.0 
32.9% 
100.0 
32.9% 
Appendix D-2 
Total 
45 
45.0 
100.0 
32.1% 
32.1% 
95 
95.0 
100.0 
67.9% 
67.9% 
140 
140.0 
100.0 
100.0 
100.0 
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o PLCS Implementers and non-implementers 
Medians 
TotaiAttitude 
PLCS IMP N Median 
No 109 44.00 
Yes 29 46.00 
Total 138 44.00 
Test Statistics" 
TotaiAttitude 
Mann-Whitney U 1200.500 
WilcoxonW 7195.500 
z -1.992 
Asymp. Sig. (2-tailed) 
.046 
a. Grouping Variable: PLCS IMP 
o Whether they are implementer or developer of any other data-exchange 
standard or not 
Report 
TotaiAttitude 
DEVor IMP of N Median 
No 106 44.00 
Yes 32 46.00 
Total 138 44.00 
Test Statistics 8 
T otaiAititude 
Mann-Whitney U 1198.500 
WilcoxonW 6869.500 
z -2.517 
Asymp. Sig. (2-tailed) 
.012 
a. Grouping Variable: DEV or IMP of other standards 
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!J Whether the individual has been to other pilots for data-exchange standards 
or not 
Median 
TotaiAttitude 
PILOTS others standards N Median 
No 117 44.00 
Yes 21 47.00 
Total 138 44.00 
Test Statistics" 
TotaiAttitude 
Mann-Whitney U 845.500 
WilcoxonW 7748.500 
z -2.277 
Asymp. Sig. (2-tailed) .023 
a. Grouping Variable: PILOTS others standards 
!J Technical ability 
Median 
TotaiAttitude 
Technical ability N Median 
Mostly non technical 68 44.00 
Mostly technical 68 45.00 
Total 136 44.00 
Test Statistics" 
TotaiAttitude 
Mann-Whitney U 2312.000 
WilcoxonW 4658.000 
z .000 
Asymp. Sig. (2-tailed) 1.000 
a. Grouping Variable: Technical ability 
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IJ Influenced by the current workshop (2 cases with missing data excluded) 
Median 
TotaiAttitude 
Workshop impacted attitude N Median 
No 44 44.00 
Yes 94 45.00 
Total 138 44.00 
Test Statistics" 
TotaiAttitude 
Mann-Whitney U 1969.000 
WilcoxonW 2959.000 
z ·.454 
Asymp. Sig. (2-tailed) .650 
a. Grouping Variable: Workshop impacted attitude 
Workshop Impacted attitude 
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o Managerial role 
Median 
TotaiAttitude 
Man~erial Responsibility_ N Median 
Senior or board level 51 45.00 management 
Other level management 76 44.00 
Non managerial 11 42.00 
Total 138 44.00 
Ranks 
Managerial Responsibility N Mean Rank 
TotaiAttitude Senior or board level 51 72.75 management 
Other level management 76 70.24 
Non managerial 11 49.27 
Total 138 
Test Statistics"·b 
TotaiAttitude 
Chi-Square 3.199 
df 2 
Asymp. Sig. .202 
a. Kruskal Walhs Test 
b. Grouping Variable: Managerial Responsibility 
Proposition 4:Benefits of using PLCS 
There are benefits in using data-exchange standards like PLCS 
Cumulativ 
Frequenc Percen Valid Percen 
Valid 1 1 .7 .7 .7 
4 62 44.3 44.3 45.0 
5 77 55.0 55.0 100.0 
Total 140 100.0 100.0 
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There is a significant difference between the benefits of standards 
based and non-standard based system integration 
Cumulative 
Freauencv Percent Valid Percent Percent 
Valid 1 2 1.4 1.4 1.4 
2 8 5.7 5.7 7.1 
3 26 18.6 18.6 25.7 
4 67 47.9 47.9 73.6 
5 37 26.4 26.4 100.0 
Total 140 100.0 100.0 
Proposition 5: Complexity 
PLCS is complex 
Cumulative 
Freauencv Percent Valid Percent Percent 
Valid 1 3 3.4 3.4 3.4 
2 27 30.3 30.3 33.7 
3 39 43.8 43.8 77.5 
4 18 20.2 20.2 97.8 
5 2 2.2 2.2 100.0 
Total 89 100.0 100.0 
Proposition 6: Limiting work 
PLCS will limit the way I do my work 
Cumulative 
Freauencv Percent Valid Percent Percent 
Valid 1 1 .7 .7 .7 
2 3 2.1 2.1 2.9 
3 23 16.4 16.4 19.3 
4 79 56.4 56.4 75.7 
5 34 24.3 24.3 100.0 
Total 140 100.0 100.0 
Appendix D-2 
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Proposition 7: Using XML 
PLCS Is only worth using when lmplemneted using XML 
Cumulative 
Frequency Percent Valid Percent Percent 
Valid 1 1 .7 .7 .7 
2 12 8.6 8.6 9.4 
3 97 69.3 69.8 79.1 
4 22 15.7 15.8 95.0 
5 7 5.0 5.0 100.0 
Total 139 99.3 100.0 
Missing 999 1 .7 
Total 140 100.0 
Proposition 8: Comparison of terminology 
Important to use commonly agreed data meanings for intergration 
Cumulative 
Frequency Percent Valid Percent Percent 
Valid 1 4 2.9 2.9 2.9 
2 2 1.4 1.4 4.3 
3 3 2.1 2.1 6.4 
4 65 46.4 46.4 52.9 
5 66 47.1 47.1 100.0 
Total 140 100.0 100.0 
Important to use data-exchange standards for lntergration 
Cumulative 
Frequency Percent Valid Percent Percent 
Valid 1 1 .7 .7 .7 
2 1 .7 .7 1.4 
3 11 7.9 7.9 9.3 
4 84 60.0 60.0 69.3 
5 43 30.7 30.7 100.0 
Total 140 100.0 100.0 
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Important to use ISO data-exchange standards for lntergration 
Cumulative 
Frequency Percent Valid Percent Percent 
Valid 2 3 2.1 2.1 2.1 
3 26 18.6 18.6 20.7 
4 80 57.1 57.1 77.9 
5 31 22.1 22.1 100.0 
Total 140 100.0 100.0 
Different use of terminology 
Common Data ISO 
PLCS DEV meanings standard standard 
No Mean 4.25 4.15 4.13 
N 114 114 114 
Std. Deviation .818 .655 .617 
Median 4.00 4.00 4.00 
Yes Mean 4.69 4.38 4.50 
N 26 26 26 
Std. Deviation .838 .697 .648 
Median 5.00 4.00 5.00 
Total Mean 4.34 4.19 4.20 
N 140 140 140 
Std. Deviation .836 .667 .637 
Median 4.00 4.00 4.00 
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LLM POC Workshop observed questions 
LM POC CRP Feedback uestions -Comments· 
:CI>Ycs--.,.--
:(standard & 
Mapping) 
I . 
I 
' 
Was PLCS actllilllydeveloped as an ISO standard within 3 years, when past 
:. experience with ISO has shown that this process takes much longer? . 
'., .. ,.. . .. . .. . " ' .. 
. · Is the MoD going to force Industry to adopt PLCS? 
Can all product data be mapped to PLCS? 
I 
: 
Who would own the implemented repository and the data in PLCS format within it? 
·j ~hat is the positionoftheUS DOD regarding PLCS? 
J What is the difference between STEP and PLCS? l . . . . . . . . . . 
j What extent of the donor systems have you mapped to PLCS? 
j. . . . . .· . . . .· . . . 
jlfPLCS did not exist could you have done the LLMPOC?. 
1 What is a PLCS interface? 
1 
·' 
· . •l If CRISP was upgraded would it be necessary to redo the mapping? 
· . ..• ·. f kow do~s PLCS rel~te t~the Unfq~e Ide~tifi~~ (um) Initiative? ·.· .•.. 
[__ . -·"·~--:_.jHow much effort was required for mapping the donor systems to PLCS? 
:_2 j)()i-ior""-1 %_· • y did you select the 9 don_ or s_;stems used in the LL. M POC CRP? 
,systems : · . . . [ . . j ~a~e you worked out a cost to makeSS3 and CRISP PLCS compliant? 
i. · · .. J Can CRISP carry on living? . .. . . l .· · . . hhere are in excess of200source systemsin use throughout the MoD how will you' 
l .. '-~ -~---• · J integrate all of these within the LLM?. . 
~:tecfinicai'""'l What are the bandwidth requir~me~t~for LLM i~plelllentati~n? · .. 
p~~~em and l 'what are the requir~d refresh raies of don~r ~}.stems' data withinthe LLM? 
~Is the;e a me~hanism where we c~n access the LLM POC CRP off line? 
J Whai software packages have been utilised within the LLM POC CRP? 
lIs all you are doingsimply putting in a new presentation layer? 
:i Is the information created during the workflow process, eg action remarks & 1 threaded forum discussions, stored in the repository or fed back to the donor 
ll systems? .. . . . .. . 
: IsthislJToadly~hes~e ~s,theSea.KingWarehouse? .·. . .. · . .. . . 
Why should the LLM be successful where others have failed for example CALS? 
. How would access control be achieved and managed? 
: Why was mapping at the' in'eiadata level only undertaken for tech pubs and 
1 obsolescence? 
. . .. ,. . I Can the LLM link to E catalogues? 
I .. . .. .. .. , . 
'Have you had problems with the !PR? 
~ . ' - - - . j Do we have access to data from other countries for collaborative projects or other 
... ..... -~1 international procurements? 
338 
The Adoption and Diffusion of Data-exchange Standards Appendix D-3 
:~-lIs there a comm~n rule set for in~~rpo;ating PLCS ln f~ture contracts? 
' Has the LMM POC CRP dealt with issues of data cleansing and if not how would it 
r be dealt with? 
. Is there ~~y \\'ay to feed dat~ b~ck into donor systems? 
,. . . . . . 
1 Are there security problems \\'ith the aggregati~n of data? 
' Are you just copying the data into one central point? 
Does the LLM have to be one data repositoty? 
I notice that you are accessing the original donor system data through the GEMS ., 
application from the CWE rather than the GEMS specific data held within the 
. . integrated repository. If you have a mixture of data direct from the donor , 
:-----··-----·-··· • ..l application and data from the repository, won't this mixture cause inconsistencies? j 
4'BUSinesSj' .1· n the Narr. ativ·e· Faultkeport·(N· F···R .. )scen'ar···.r.; work .. fl.·.ow'pro' ce,ss can' the part··· icip ..anis' ~ssues , J see what the NFR is doing all the way through the workflow?.. .. . . . 
! l How will we have co~mon busin~ss processes with industty? . ·. . . ... . . ' 
l' Does the cost of industry inclusion in the LLM disadvantage small businesses on the , grounds of affordability? . · 
j What is the authoritive data set? . . 
! How does the LLM handle vertical and ho~izontal primes? 
j po you have any idea how many systems you might g~tin a liv~ system? 
j'· ·" ·-·-' . . --, . . . " " j Does the LLM only support the in-service phase of the CAD MID cycle? 
!: . ' .. . . .. . .. 0 •• 
· ! :w'hatare the potenti~l busin~ss b~~efitsfromthe implem:ntationofthe LLM? 
J Who would benefit from the implmentation of the LLM? . 
l What would I need to do to make sure that I ea~ in~lude LLM in my ~ontracts? l: .. . . . . . . :. 0 ' .: • • • 0 • • •• • j How will the LLM be rolled out? 
'is this a n;andated activitY frornend~io-end, or is ita bottom up solllti~n trying to ~find itself? · 
I::::::::,:~::~,.,.,,,,·"~.,;;,, 
127iZ{~i:~~:i~:::~:' 
. . 
j Why do you display location by UIN and not physical location? 
. ! ·. ... . ... .... . . . . .. . .. .... .. . 
'l Can you do predictive analysis for a tank with lots of parts with different 
J parameters? 
There is a potential for massive timesavings;'iire-yo\1 being pushed to get savings in 
terms of people? 
Have you just built a big data warehouse that you have put some functionality on? 
Will the implemented LLM require business.processes to be generic across the 
enterprise? 
Is the DECS SWE needed to make this happen? 
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!""'""----~-....... ....,.._.,..,.., -. ~ ·-· --· ------- .-.... -~----- ---c-- .. ····----------- ........ ,- •.• , .•• 
: j'_· Are you saying that all the factors in the value stack a.dd up to know le. d.ge 
management? . . _ _ . . .. 
. '• . ., ""'' .; ' . . --·· ~"' ' : -·-. -- ·. •' '-.... ·-
' · · 1 How does this fit will CSS? 
,I· 
' What was the trigger for doing this? 
"''" 
Does the LLM fit with the strategic direction of MoD? 
BAE systems and DLO at a strategic level have strategic milestones, are you linked 
into this?. · 
Is there any percentage of data that is not in an information system that is manual? 
·!Why is the NaiTitive Fault Repo~ scenario aut~mat~d b~si~es;proces;sequential? 
· How does the LLM POC CRP project interact with the Lean Support Continuous 
1 Improvement Team? . . . ! .... -. "~ . . .. ' •. 
, .l ~h:~~;~:v~::sl::::::;:~t:i::~::i::::s:~ti::::::~i:::~:;?. 
. . ..... 
'BeforeDML and the SubiPT implemented the sull IPT SDE, did they have to. 
; decide new ways of working and new business processes? , 
·---~~--- --'-~-- .... _, __ -4 
What haS been described in the LLM POC CRP fs 'less lean but more agile logistics .. 
Where do you envisage the lean_ in this? 
How would the IiM address the deployed battle space where your system is not 
connected to data on a stand-alone system? · · 
How could the LLM work for a situation like the Eurofighter.where there are 9 -I 0 
processes with multinational decision making for a fault report? 
Is this not an elegant solution looking for a problem? 
Does the LLM support decisions? 
What is DLog Info's view on this? 
How many of the attendees have been from industry and how was it received? 
What was CDP's reaction? 
:s:l'u!ure"'~where do we g~ from here? . . . 
,Considerations j: . .. .. . · . · · 
f . ·l' Who is going to pay for the, solution? 
I • . l :::~:::::: ~a:~:;t? 
What do you want from us? 
• '. • •• ,. >t< 
· What mechanisms are set that those requirements fit in projects now and future? 
. . - . -
· Do we have something in the short term to transition to the long 'term and how do we 
get thatdone? 
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Table D-4: Table showing a summary of the characteristics of the main statistical tests 
(Pallant 200 I) 
One categorical variable 
(2 or more levels) 
.~ product.ffiom&nt "~ : SpCarin'ati 'S 'Rank. order Two COntinuoUs 'VSrilibtes . 
correlation coefficient correlation 
Partial correlation None 
NOne 
Factor Analysis None 
·· Chi-square 
Independent samples Hest Mann-Whitney U test 
Two continuous variable 
and one continuous you 
wish to control 
· · SC(OrhVo or more 
continuous variables 
Set of related continuous 
variables 
· One C'ateS;odcal Varia'ble 
One categoricaJ variable 
(21evels) 
· Wilcoxon Signed-Rank ··one c8.iegorical Variable 
between groups Kruskal Wallis 
One-Way 
measures ANOV A 
between groups None 
. MiXed· 
ANOVA 
Multivariate 
(MANOVA) 
ANOVA None 
Ailalysis of · covarianciM' None 
(ANCOVA) 
(21evels Time I !Time 2) 
One categorical variable 
(3 or more levels) 
One c8.tegoricaJ variable 
(3 or more levels Time I/ 
Time2ffime3) 
Two categorical 
independent variables 
(two or more levels) 
One betWeen-groups 
variable, one within-
groups variable, Time 
One or more categorical 
variables (2 or more 
levels) 
· One or more CittegoriCaJ. 
variables, one continuous 
variable at Time I 
One categorical 
variable (2 or more 
levels) 
One continuous 
. variable 
bne categOrical 
variable 
One continuous 
variable 
One continuous 
variable 
One continuous 
variable 
One''COntinuous ' 
variable 
One continuous 
variable 
One continuous 
variable 
Two or more related 
continuous variables 
One continuous 
variable at Time 2 
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The Adoption and Diffusion of Data-exchange Standards Research: 
LSC Group Feedback 
Throughout a career in the Royal Air Force spanning almost 40 years, ranging from 
operational aircraft maintenance engineer and to the Chief Executive of the RAF 
Logistics Support Services Agency, I have been involved in the creation, maintenance 
and exploitation of logistics information to provide improved support to complex 
platforms and equipments. As the CE LSSA in 1997, I 'owned' the data collected from 
the RAF corporate information systems and applications that managed engineering and 
asset management, inventory management, technical documentation and item 
codification. Each of these systems and applications held data about the same ranges of 
equipment; some of the data items, such as product description, were the same, and 
some were peculiar to the application requirements. However, it was impossible to 
integrate the outputs from these systems to derive a coherent view of the performance 
of an equipment and its support environment. The benefits to be gained from resolving 
this issue were self evident but the technology was not available. In the absence of a 
suitable integration mechanism, we were obliged to resort to manual manipulation of 
data and graphical presentation which demanded a high degree of user interpretation 
and deduction of performance relationships. 
In 1999, I joined LSC Group and began to understand the potential power of data 
standards to provide an exchange mechanism for complex engineering information 
between disparate systems. 1999 was also the year when the PLCS initiative was 
launched to extend the scope of ISO I 0303, the Standard for Exchange of Product 
Model data, from exchange of CAD/CAM data to address the more complex 
performance and feedback requirements for a product and its support environment 
throughout the in-service phase of the product life cycle. Over the intervening seven 
years, I have seen PLCS develop into a highly robust information exchange standard, 
which has the structure to capture all of the data elements from the wide range of 
disparate logistics information systems and applications in an open neutral format. I 
have been personally involved as a defence logistics subject matter expert in the 
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development of the various LSC Group STEP/PLCS proofs of concept and early 
demonstrators, and I remain excited by the emerging capability that the use of open 
standards offers to address the information integration challenges that I left behind in 
1999. 
However, on the down side, I have been less than excited by the resistance to recognise 
the potential benefits from the adoption of a standards based approach to information 
integration by both the MoD and Industry at large. There are many reasons for this, 
some associated with natural resistance to change, others associated with commercial 
and vested interests, but the main reason is lack of awareness of the potential power and 
availability of information standards to meet today's and tomorrow's challenges. There 
is also a view that the development of information standards is a specialist activity, far 
divorced from the realities of practical logistics engineering and conducted by 'anoraks 
and geeks', speaking a different language to the real world. Having had a foot in both 
camps over the years, I can partially sympathise with this view, but I also recognise 
how far the role of standards has come in providing workable solutions to the 
underlying issues of data integration. 
Hence, I see this work by Jo as being both timely and of crucial importance in 
identifying the reasons behind the resistance to adopt open standards more widely and 
in recommending guidelines to facilitate and accelerate the process of standards 
adoption. The decision to combine two established approaches into a single research 
methodology was innovative and courageous, requiring original thought and concept 
development to derive a coherent framework that could be tested and validated through 
case study research and direct feedback from interviews and questionnaires. This 
approach proved to be successful, providing Jo with good qualitative information upon 
which to base her findings and recommendations, a factor which will be of increasing 
importance as other bodies pick up and take forward this research. I am aware that in 
the course of her research, Jo has engaged with many eminent specialists in the data 
standards world, in industry, in academia and throughout the MoD, and she has gained 
their respect for her understanding of the issues, the thoroughness of her work and the 
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positive recommendations for the way forward. This will carry great weight in the near 
future, and I look forward to seeing this work becoming a standard reference during the 
inevitable ongoing debate over the adoption of data exchange standards. 
Air Commodore Ian Sloss CEng FRAeS RAF (Retd) 
LSCGroup 
344 
. . j 
' 
J 
I 
I 
! 
The Adoption and Diffusion of Data-exchange Standards References 
References 
ADAMS, E.W., ROBERT, F.F. and RICHARD, R.E., 1965. A theory of appropriate statistics. 
Psychometrika, 30(2), pp. 99-127. 
AGHION, P. and BOLTON, P., 1997. A theory of trickle-down growth and development. The 
Review of Economic Studies, 64(2), pp. 151-172 . 
AIRLINERS.NET, 2005. The Airbus A380. Available: 
http://www.airliners.net/info/stats.main?id=29 [Accessed: July, 2005]. 
AKGUN, M. and PARKINSON, P., 1985. The Development of Cable Data Communications 
Standards. IEEE Journal on Selected Areas in Communications, 3(2), pp. 273-285. 
ALAVI, M. and CARLSON, P., 1992. A review of MIS research and disciplinary 
development. Journal of Management Information Systems, 8(4), pp. 45-62. 
AL-GAHTANI, S.S. and KING, M., 1999. Attitudes, satisfaction and usage: factors 
contributing to each in the acceptance of information technology. Behaviour & 
Information Technology, 18(4), pp. 277-297. 
ALLIED COMMITTEE 135, 2005. The group of national directors on codification. Available: 
http://www.nato.int/structur/AC/135/welcome.htm [Accessed: June, 2005]. 
AL-TIMIMI, K.D. and MACKRELL, J., 1996. STEP: Towards open systems. Michigan: 
CIMdata Inc. 
ASKOXFORD.COM, 2005. Compact oxford English dictionary. Available: 
http://www.askoxford.com/?view=uk [Accessed: December, 2005]. 
ATTEWELL, P., 1992. Technology diffusion and organizational learning: The case of business 
computing. Organization Science, 3(1), pp. 1-19. 
BAGOZZI, R.P., DAVIS, F.D. and WARSHAW, P.R., 1992. Development and test of a theory 
oftechnologicalleaming and usage. Human Relations, 45(7), pp. 659-686. 
BARR Y, C.A., 1998. Choosing qualitative data analysis software: Atlas/ti and Nudist 
compared. Sociological Research On line Available: 
http://www.socresonline.org.uk/3/3/4.html [Accessed: December, 2005]. 
BASKJN, E., KRECHMER, K. and SHERIF, M.H., 1998. The six dimensions of standards: 
Contribution towards a theory of standardization. L.A. LEFEBVRE, R.M. MASON eds. 
In: Proceedings of7'h IAMOTConference, /998, Elsevier, pp53-62. 
BELLEFLAMME, P., 1999. Assessing the diffusion of EDI standards across business 
communities. EURAS Yearbook of Standardization, 2, pp. 301-324. 
BELLEFLAMME, P., 2002. Coordination on formal vs. de facto standards: a dynamic 
approach. European Journal of Political Economy, 18(1), pp. 153-176. 
345 
The Adoption and Diffusion of Data-exchange Standards References 
BILALIS, Z. and HERBERT, D., 2003. (IT) Standardisation from a European point of view. 
International Journal of IT Standards and Standardization Research, 1(1 ), pp. 46-49. 
BLAKELEY, J.A., FISHMAN, D., LOMET, D. and STONEBRAKER, M., 1994. The impact 
of database research on industrial products (panel). ACM SIGMOD Record, 23(3), pp. 
35-40. 
BLIND, K. and IVERSEN, E., 2004. The interrelationship between IPR and standardization: 
Patterns and policies, F. BOUSQUET, Y. BUNTZL Y, H. COENEN and K. JAKOBS, 
eds. In: Proceedings from the 9th Euras Workshop on Standardization, May 13-14 2004, 
Accedo Verlag pp227-248. 
BLIND, K. and THUMM, N., 2004. Intellectual property protection and standardization. 
International Journal of IT Standards and Standardization Research, 2(2), pp. 61-75. 
BONINO, M.J. and SPRING, M.B., 1999. Standards as change agents in the information 
technology market. Computer Standards & Interfaces, 20(4-5), pp. 279-289. 
BOUSQUET, F., 2004. Role and best practices of "technical officers" in standards setting 
organizations, F. BOUSQUET, Y. BUNTZL Y, H. COENEN and K. JAKOBS, eds. In: 
Proceedings from the 9th Euras Workshop on Standardization, May 13-14 2004, Accedo 
Verlag pp 157-170. 
BRUNNERMEIER, S.B. and MARTIN, S.A., 1999. Interoperability cost analysis of the U.S. 
automotive supply chain. Project Number 7007-03. Research Triangle Park, NC: 
Research Triangle Institute. 
BURROWS, J.H., 1999. Information technology standards in a changing world: The role of the 
users. Computer Standards & Interfaces, 20(4-5), pp. 323-331. 
BYRNE, B.M. and GOLDER, P.A., 2002. The diffusion of anticipatory standards with 
particular reference to the ISO/JEC information resource dictionary system framework 
standard. Computer Standards & Interfaces, 24(5), pp. 369-379. 
CARGILL, C., 1999. Consortia and the evolution of information technology standardization, 
K. JAKOBS and R. WILLIAMS, eds. In: Proceedings of the 1st IEEE Conference on 
Standardisation and Innovation in Information Technology, September 15-17 1999, 
IEEE pp37-42. 
CARGILL, C.F., 1998. Standardization: Art or discipline? Micro, IEEE, 18(3), pp. 18-24. 
CARGJLL, C.F., I994. Evolution and revolution in open systems. StandardView, 2(1), pp. 3-
13. 
CAVA YE, A.L.M., 1996. Case study research: A multi-faceted research approach for IS. 
Information Systems Journal, 6(3), pp. 227-242. 
CENIISSS, 2000. CEN/JSSS survey of standards-related fora and consortia, 4th edition, 
Brussels, June 2000. Available: www.cenorm.be/isss [Accessed: March, 2004]. 
346 
The Adoption and Diffusion of Data-exchange Standards References 
CHEN, M., 2003. Factors affecting the adoption and diffusion of XML and Web services 
standards for e-business systems. International Journal of Human-Computer Studies, 
58{3), pp. 259-279. 
COLLINS, J.P. and PORRAS, J.J., 1998. Building your company's vision. Harvard Business 
Review on Change. 6th edn. Boston, MA.: Harvard Business School Publishing, pp. 21-
51. 
COOMBS, C.R., DOHERTY, N.F. and LOAN-CLARKE, J., 2001. The importance of user 
ownership and positive user attitudes in the successful adoption of community 
information systems. Journal of End User Computing, 13( 4), pp. 5. 
COOPER, M. and YEN, D.C., 2005/7. IPv6: business applications and implementation 
concerns. Computer Standards & Interfaces, 28(1 ), pp. 27-41. 
CULSHA W, S., 2006. Towards a truly worldwide web: how XML and Unicode are making it 
easier . to publish multilingual electronic documents. Available: 
http://www.tgpconsulting.com/articles/xml.htm [Accessed: January, 2006). 
DAIMLER BENZ, 1998. Standardization 2010, Daimler Benz Aktiengesellschaft Research and 
Technology 
DAVID, P.A., 1987. Some new standards for the economics of standardization in the 
information age. In: P. DASGUPTA and P. P. STONEMAN, eds, Economic Policy and 
Technological Performance. New York, Cambridge University Press, pp. 206-239. 
DA VID, P.A. and SHURMER, M., 1996. Formal standards-setting for global 
telecommunications and information services. Towards an institutional regime 
transformation? Telecommunications Policy, 20(10), pp. 789-815. 
DAVIS, F.D., 1993. User acceptance of information technology: System characteristics, user 
perceptions and behavioral impacts. International Journal of Man-Machine Studies, 
38(3), pp. 475-487. 
DAVIS, F.D., BAGOZZI, R.P. and W ARSHA W, P.R., !989. User acceptance of computer 
technology: A comparison of two theoretical models. Management Science, 35(8), pp. 
982-1003. 
DAWIS, R.V., !987. Scale construction. Journal ofCounseling Psychology, 34(4), pp. 481-
489. 
DE VRIES, H., VERHEUL, H. and WILLEMSE, H., 2003. Stakeholder identification in IT 
standardization processes, J.L. KING and K. L YYTINEN, eds. In: Proceedings of MISQ 
Special Issue Workshop on Standard Making: A Critical Frontier for Information 
Systems, December 12-14 2003, pp92-107. 
DE VRIES, H.J., FEILZER, A.J. and VERHEUL, H., 2004. Removing barriers for 
participation in formal standardization, F. BOUSQUET, Y. BUNTZL Y, H. COENEN 
347 
The Adoption and Diffusion of Data-exchange Standards References 
and K. JAKOBS, eds. In: Proceedings from the 9th Euras Workshop on Standardization, 
May 13-14 2004, Accedo Verlag pp171-176. 
DEDRICK, J. and WEST, J., 2003. Why firms adopt open source platforms: A grounded 
theory of innovation and standards adoption, J .L. KING and K. L YYTINEN, eds. In: 
Proceedings of MISQ Special Issue Workshop on Standard Making: A Critical Frontier 
for Information Systems, December 12-14 2003, pp236-257. 
DENZIN, N.K. and LINCOLN, Y.S., 1994. Handbook of qualitative research. Thousand Oaks, 
CA: Sage Publications. 
DEPIETRO, R., WIARDA, E. and FLEISCHER, M., 1990. The context for change: 
Organization, technology and environment. In: L.G. TORNATZKY and M. 
FLEISCHER, eds, The processes of technological innovation. Lexington, Mass: 
Lexington Books, pp. 151-175. 
DESHPANDE, S. and NAZEMETZ, J.W., 2003b. Decomposition methodology for making the 
standards problem tractable. Contract Number F34601-95-D-00376. Oklahoma State 
University School of Industrial Engineering and Management: Computer Assisted 
Technology Transfer (CATT) Research Program. 
DESHPANDE, S. and NAZEMETZ, J.W., 2003a. Global harmonisation of standards. 
Contract Number F34601-95-D-00376. Oklahoma State University School of Industrial 
Engineering and Management: Computer Assisted Technology Transfer (CA TT) 
Research Program. 
DIN-German Institute for Standardization, 2000. Economic benefits of standardization. 
Available: http://www.din.de/aktuelles/benefit.html [ Accessed: January, 2004] 
DOBSON, B., 2005. Greater efficiency, reduced cost. Defence Management Journal, 28, pp. 
25-26. 
DREVERMAN, M., 2005. Adoption of product model data standards in the process industry, 
Eindhoven University of Technology. 
DUCK, J.D., 1998. Managing change: The art of balancing. Harvard Business Review on 
Change. 6th edn. Boston, MA.: Harvard Business School Publishing, pp. 55-82. 
EDW ARDS, K., 2005. Lean logistics model proof of concept conference room pilot - user 
evaluation report. Report No: D/ZU/02/28/4 - LLMPOC-0000005761 Rev 2. Frad1ey 
Park, Lichfield: LSC Group. 
EGYEDI, T. and VERWATER-LUKSZO, Z., 2004. Coping with flexibility: Standards in IT 
and the batch processing industry, F. BOUSQUET, Y. BUNTZL Y, H. COENEN and K. 
JAKOBS, eds. In: Proceedings from the 9th Euras Workshop on Standardization, May 
13-14 2004, Accedo Verlag pp105-120. 
348 
The Adoption and Diffusion of Data-exchange Standards References 
EGYEDI, T.M., 2003. Consortium problem redefined: Negotiating 'democracy' in the actor 
network on standardization. International Journal of IT Standards and Standardization 
Research, 1(2), pp. 22-38. 
EGYEDI, T.M. and DAHANA Y AKE, A., 2003. Difficulties implementing standards, T.M. 
EGYEDI, K. JAKOBS and K. KRECHMER, eds. In: Proceedings from the 3rd 
Conference on Standardization and Innovation in Information Technology, 22-24 
October 2003, Delft: TUD-TBM pp75-84. 
EGYEDI, T.M. and LOEFFEN, A.G.A.J., 2002. Succession in standardization: grafting XML 
onto SGML. Computer Standards & Interfaces, 24(4), pp. 279-290. 
EISENHARDT, K.M., 1989b. Making fast strategic decisions in high-velocity environments. 
The Academy of Management Journal, 32(3), pp. 543-576. 
EISENHARDT, K.M., 1989a. Building Theories from Case Study Research. The Academy of 
Management Review, 14( 4), pp. 532-550. 
EUROSTEP, 2005. Product life cycle support (PLCS). Available: http://www.plcs-
resources.org/ [Accessed: December, 2005]. 
FARRELL, J. and SALONER, G., 1985. Standardization, compatibility, and innovation. The 
RAND Journal of Economics, 16(1), pp. 70-83. 
FICHMAN, R., 2000. The diffusion and assimilation of information technology innovations. 
In: R. ZMUD, ed, Framing the domains of IT management: Projecting the future 
through the past. Cincinatti: Pinnatlex Publishing, pp. 105-128. 
FICHMAN, R.G., 1992. Information technology diffusion: A review of empirical research, J.l. 
DEGROSS, J.D. BECKER and J.J. ELAM, eds. In: Proceedings of the Thirteenth 
international Conference on information Systems. December 1992, pp 195-206. 
FICHMAN, R.G. and KEMERER, C.F., 1993. Adoption of software engineering process 
innovations: The case of object orientation. MIT Sloan Management Review, 34(2), pp. 
7-22. 
FIRESTONE, W.A., 1987. Meaning in method: The rhetoric of quantitative and qualitative 
research. Education Researcher, 16(7), pp. 16-21. 
FOWLER, J., 1995. STEP for data management exchange and sharing. Technology Appraisals 
Ltd. 
GALLAHER, M.P., O'CONNOR, A.C. and PHELPS, T., 2002. Economic impact assessment 
of the international standard for the exchange of product model data (STEP) in 
transportation equipment industries. Project Number 07007.016. Research Triangle 
Park, NC: RTI International. 
GALLJERS, R., 1992. Information systems research: Issues, methods, and practical guidelines. 
Oxford: Blackwell Scientific Publications. 
349 
The Adoption and Diffusion of Data-exchange Standards References 
GALLJVAN, M.J., 2001. Organizational adoption and assimilation of complex technological 
innovations: development and application of a new framework. SIGMIS Database, 32(3), 
pp. 51-85. 
GERST, M., BUNDUCHI, R. and WILLIAMS, R., 2005. Social shaping & standardization: A 
case study from auto industry, Proceedings of the 38th Hawaii International Conference 
on System Sciences, January 3 - 6 2005, pp204. 
OILMAN, C.R., APARICIO, M., BARRY, J., DURNIAK, T., LAM, H. and RAMNATH, R., 
1997. Integration of design and manufacturing in a virtual enterprise using enterprise 
rules, intelligent agents, STEP, and workflow. proceedings- SPIE the International 
Society for Optical Engineering, (3203), pp. 160-171. 
GLAD WIN, C.H., 1989. Ethnographic decision tree modeling (Qualitative Research Methods 
Series, Vol.19). Newbury Park, CA: Sage Publications. 
GLASER, B. and STRAUSS, A., 1967. The Discovery of grounded theory: Strategies for 
qualitative research. Chicago: A !dine Publishing Company. 
GOSAIN, S., 2003. Realizing the vision for web services: Strategies for dealing with imperfect 
standards, J .L. KING and K. L YYTINEN, eds. In: Proceedings of MISQ Special Issue 
Workshop on Standard Making: A Critical Frontier for Information Systems, December 
12-14 2003, pp!0-29. 
GRAHAM, 1., POLLOCK, N., SMART, A. and WILLIAMS, R., 2003. Institutionalisation of 
e-business standards, J.L. KING and K. L YYTINEN, eds. In: Proceedings of MISQ 
Special Issue Workshop on Standard Making: A Critical Frontier for Information 
Systems, December 12-14 2003, ppl-9. 
HANSEN, T., 2004. Synchronise work on DEXs and reference data between PLCS pilots and 
OASISIPLCS. Det Norske Veritas AS. 
HA WKINS, R., 1999. The rise of consortia in the information and communication technology 
industries: emerging implications for policy. Telecommunications Policy, 23(2), pp. 159-
173. 
HERNANDEZ, M.A. and STOLFO, S.J., 1998. Real-world data is dirty: Data cleansing and 
the merge/purge problem. Data Mining and Knowledge Discovery, 2(1), pp. 9-37. 
HOVAV, A., PATNAYAKUNI, R. and SCHUFF, D., 2004. A model of interne! standards 
adoption: The case of!Pv6. Information Systems Journal, 14(3), pp. 265-294. 
HOWE, K.R., 1988. Against the quantitative-qualitative incompatibility thesis or dogmas die 
hard. Educational Researcher, 17(8), pp. I 0-I 6. 
HOWE, K.R., 1985. Two dogmas of educational research. Educational Researcher, 14(8), pp. 
I 0-18. 
350 
The Adoption and Diffusion of Data-exchange Standards References 
HUFF, S. and MUNRO, M. C., I 985. Information technology assessment and adoption: A field 
study. MIS Quarterly, 9( 4), pp. 237-340. 
IEEE, 2006, IEEE standards association. Available: 
http://www.ieee.org/web/standards/home/index.html [Accessed: March, 2006]. 
IRANI, Z., SHARIF, A., LOVE, P.E.D. and KAHRAMAN, C., 2002. Applying concepts of 
fuzzy cognitive mapping to model: The IT/IS investment evaluation process. 
International Journal of Production Economics, 75( I -2), pp. I 99-2 I I. 
I RANI, Z., GRIEVE, R.J. and RACE, P., I 999. A case study approach to carrying out 
information systems research: A critique. International Journal of Computer 
Applications in Technology, 12(2), pp. 190-198. 
IRANI, Z., EZINGEARD, J.N. and GRIEVE, R.J., 1997. Integrating the costs of an IT/IS 
infrastructure into the investment decision making process. The International Journal of 
Technological Innovation Entrepreneurship, 17(1 1/12), pp. 637-647. 
ISO, 2006c. ISO website. Available: http://wwwJso.org/iso/en/JSOOnline.frontpage 
[Accessed: February, 2006c]. 
ISO, 2006b. ISO I 5926-2 details. Available: 
http://www.iso.org/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=29557&1 
CS1=25&JCS2=40&ICS3=40 [Accessed: February, 2006]. 
ISO, 2006a. ISO I 0303-224 details. Available: 
http://www.iso.org/iso/en/CatalogueDetailPage.CatalogueDetail?CSNUMBER=36000& 
scopelist=PROGRAMME [Accessed: February, 2006]. 
JSO/IEC, I 996. Guide 2; "Standardization and related activities -- General vocabulary"; 
International Organization for Standardization, and International Electrotechnical 
Commission; Geneva, Switzerland. 
ISO/TC184, 2005. JSO/TC184 business plan. Available: 
http:/ /isotc.iso.org/Iivelink/livelink/fetch/2000/2 I 22/687806/ISO _ TC _I 84 _Industrial_ a 
utomation_systems_ and _integration_.pdf?nodeid=I 00 I 423&vernum=O [ Accessed: 
December, 2005]. 
JSO/TC I 84/SC4, 2004. TC I 84/SC4 - setting the standards for industrial data. Available: 
http://www.tcl84-sc4.org/ [2004, November]. 
IVERSEN, E.J., 2000. Raising standards: innovation and the emerging global standardization 
environment for ICT. The STEP Group, Studies in technology, innovation and economic 
policy in its series STEP working paper series with number A022000. 
JACKSON, T., 2001. The Cost Effectiveness of Electronic Communication, Loughborough 
University. 
351 
The Adoption and Diffusion of Data-exchange Standards References 
JAIN, H. and ZHAO, H., 2003. A conceptual model for comparative analysis of 
standardization of vertical industry languages, J.L. KING and K. L YYTINEN, eds. In: 
Proceedings of MISQ Special Issue Workshop on Standard Making: A Critical Frontier 
for Information Systems, December 12-14 2003, pp21 0-221. 
JAKOBS, K., 2002. Even desperately needed standards may fail - The case of e-mail, 
Proceedings of International Conference on the History of Computing and Networks, 
November 18-20 2002. 
JAKOBS, K., 1996. On the relevance of global IT-standardisation - Should user companies 
participate? Proceedings of Fifth Annual Bayer International Conference, May 1996, 
Pittsburgh. 
JAKOBS, K., PROCTER, R. and WILLIAMS, R., 1997. Competitive advantage through 
participation in standards setting? In: Fifth International Conference on FACTORY 2000 
- The Technology Exploitation Process, 2nd- 4th April 1997, lEE Press pp370-375. 
JAKOBS, K., PROCTER, R. and WILLIAMS, R., 1996. Users and standardisation-- Worlds 
apart? The example of electronicmail. Standard View, 4( 4 ), pp. 183-191. 
JAKOBS, K., 2000. Trying to Keep the Internet's Standards Setting Process in Perspective. In: 
Proceeding ofTERENA Networking Conference 2000, May 22- 25 2000. 
KAHL, S., 2004. A proposal for an econometric analysis of switching costs in the software 
industry. 15.575 Research Seminar in IT and Organizations: Economic Perspectives. 
MIT OpenCourseWare: Sloan School of Management. 
KALETAS, E.C., AFSARMANESH, H., ANASTASIOU, M. and CAMARINHA-MATOS, 
L.M., 2005. Emerging technologies and standards. In: L.M. CAMARINHA-MA TOS, H. 
AFSARMANESH and M. OLLUS, eds, Virtual Organizations: Systems and Practices. 
New York: Springer Verlag, pp. 105-132. 
KAPLAN, B. and MAXWELL, J.A., 1994. Qualitative research methods for evaluating 
computer information systems. In: J.G. ANDERSON, C.E. AYDIN and S.J. JAY, eds, 
Evaluating Health Care Information Systems: Methods and Applications. Thousand 
Oaks, CA: Sage Publications, pp. 45-68. 
KATZ, M.L. and SHAPIRO, C., 1986. Technology adoption in the presence of network 
externalities. Journal of Political Economy, 94(4), pp. 822-841. 
KATZ, M.L. and SHAPIRO, C., 1985. Network externalities, competition, and compatibility. 
American Economic Review, 75(3), pp. 424-440. 
KAUHANlEMl, M., 2003. How STEP and related B2B standards support integrated product 
data exchange in the web environment. T-86.161 Special Topics in Information 
Technology for Production 11. Helsinki: Helsinki University of Technology. 
352 
The Adoption and Diffusion of Data-exchange Standards References 
KAWAMOTO, D., 2003. Gloom lifts on IT spending. Available: 
http://news.zdnet.co.uk/business/0,39020645,39115536,00.htm [Accessed: November, 
2005]. 
KEGAN, R. and LAHEY, L.L., 2002. The Real Reason People Don't Change. Harvard 
Business Review on Culture and Change. 3rd edn. Boston, MA.: Harvard, . 
KEMMERER, S., ed, !999. STEP: The grand experience. Gaithersburg, MD: National 
Institute of Standards and Technology. 
KEMMERER, S.J., GOLDSTEIN, B.L. and PARKS, C.H., 1998. A brief history of early 
product data exchange standards. NISTIR 6621. Gaithersburg, MD: National Institute of 
Standards and Technology. 
KHALIF A, G., 2002. Information Systems Investment Evaluation in the Public Sector, Brunei 
University. 
KING, J.L. and LYYTINEN, K., 2003. Proceedings of MISQ special issue workshop on 
standard making: A critical frontier for information systems- call for papers. Available: 
http://www.si.umich.edu/misq-stds/MISQ/CFP.pdf [Accessed: November, 2003]. 
KING, T., 2003. Implementation of ISO 10303 enabled business processes. PLCS Training 
Course. Tamworth, UK: LSC Group. 
KING, T., 2002a. Early practical realisation of Product Life Cycle Support, Product Data 
Technology (PDT) Europe, 9 May 2002. Available: http://www.oasis-
open.org/committees/download. php/7 626/03 _Product_ Lifecycle _ Support_pdt -eu. pdf 
[Accessed: October 2003]. 
KING, T.M., 2002b. Requirements for Access to Technical Data-- An Industrial Perspective, 
CODATA SECRETARIAT, ed. In: The 18th International CODATA Conference -
Frontiers of Scientific and Technical Data- Book of Abstracts, 29 September- 3 October 
2002, International Council for Science : Committee on Data for Science and 
Technology pp40-41. 
KOCK, N.F., JR., MCQUEEN, R.J. and SCOTT, J.L., 1997. Can action research be made 
more rigorous in a positivist sense? The contribution of an iterative approach. Journal of 
Systems and Information Technology, 1(1), pp. 1-24. 
KOENIG, T., 2006. CAQDAS comparison. Available: 
http://www .lboro.ac. uk/research/mmethods/research/software/caqdas _ comparison.html 
[Accessed: January, 2006]. 
KOTINURMI, P., NURMlLAAKSO, J. and LAESVUORI, H., 2003. Standardization of 
XML-based e-Business frameworks, J.L. KING and K. L YYTINEN, eds. In: 
Proceedings of MISQ Special Issue Workshop on Standard Making: A Critical Frontier 
for Information Systems, December 12-14 2003, ppl35-145. 
353 
The Adoption and Diffusion of Data-exchange Standards References 
KOTTER, J.P., 1998. Leading change: Why transformation efforts fail. Harvard Business 
Review on Change. 6th edn. Boston, MA.: Harvard Business School Publishing, pp. 1-
20. 
KOTTER, J.P., COLLINS, J., PASCALE, R., DUCK, J.D., PORRAS, J. and ATHOS, A., 
1998. Harvard business review on change. 6th edn. Boston, MA.: Harvard Business 
School Publishing. 
KRECHMER, K., 2000b. The fundamental nature of standards: Technical perspective. IEEE 
Communications Magazine, 38(6), pp. 70. 
KRECHMER, K., 2000a. Market driven standardization: Everyone can win. Standards 
Engineering, 52(4), pp. 15-19. 
KRECHMER, K., 1998. The Principles of open standards. Standards Engineering, 50(6), pp. 
1-6. 
KRECHMER, K., 1996. Technical sandards: Foundations of the future 
StandardView, 4(1), pp. 4-8. 
KWON, T. H. AND ZMUD, R. W., 1987. Unifying the fragmented models of information 
systems implementation. In: J. BOLAND R. and R. HIRSCHHEIM, eds, Critical Issues 
in Information Systems Research. New York: John Wiley & Sons, pp. 227-251. 
LA YNETWORKS, 2006. ALOHA PROTOCOL. Available: 
http://www.laynetworks.com/ALOHA%20PROTOCOL.htm [Accessed: March, 2006]. 
LEHR, W., 1992. Standardization: Understanding the process. Journal of the American Society 
for Information Science, 43(8), pp. 550-555. 
LEVY, P.F., 2002. The nut island effect: When good teams go wrong. Harvard Business 
Review on Culture and Change. 3rd edn. Boston, MA.: Harvard, pp. 1-20. 
LEWIS, R.B., 1998. A TLAS/ti and NUD• 1ST: A comparative review of two leading 
qualitative data analysis packages. Cultural Anthropology Methods, 10(3), pp. 41-47. 
LIN, A. and BROWN, R., 2000/11/1. The application of security policy to role-based access 
control and the common data security architecture. Computer Communications, 23(17), 
pp. 1584-1593. 
LINCOLN, Y. and GUBA, E., 1985. Naturalistic inquiry. Newbury Park, CA: Sage 
Publications. 
LOFFREDO, D., 1998. Efficient Database Implementation of EXPRESS Information Models, 
Rensselaer Polytechnic Institute. 
LOFFREDO, D., 2002. Fundamentals of STEP implementation. Available: 
http://www.steptools.corn!library/fundimpl.pdf [ Accessed: November, 2002]. 
354 
The Adoption and Diffusion of Data-exchange Standards References 
LOWELL, S.C., 1999. The yin and yang of standards development. ASTM Standardization, 
27(12), pp. 30-35. 
LSC GROUP, 2002. RAMP white paper- Driving down the cost of spares provisioning Issue 
2. Bath: Warship Support Agency. 
LSC GROUP, 2006. Lean logistics. Available: 
http://www .Isc.co. uk/defence/index.html ?8 _ 4 _lean-logistics.html-MainFrame [May, 
2006]. 
LUBELL, J. and FRECHETTE, S., 2002. XML representation of STEP schemas and data. 
Journal of Computing and Information Science in Engineering, 2(1 ), pp. 69-71. 
LUBELL, J., PEAK, R., SRINIVASAN, V. and WATERBURY, S., 2004. STEP, XML, and 
UML: Complementary technologies. Journal of Computing and Information Science in 
Engineering, 4(4), pp. 379-390. 
MANNISTO, T., PELTONEN, H., MARTIO, A. and SULONEN, R., 1998. Modelling generic 
product structures in STEP. Computer-Aided Design, 30(14), pp. lltl-1118. 
MARK US, M.L., STEINFIELD, C.W. and WIGAND, R.T., 2003. The evolution of vertical IS 
standards: Electronic interchange standards in the US home mortgage industry, J.L. 
KING and K. L YYTINEN, eds. In: Proceedings of MISQ Special Issue Workshop on 
Standard Making: A Critical Frontier for Information Systems, December 12-14 2003, 
pp80-91. 
MASON, H., 2002. ISO I 0303 - STEP A key standard for the global market. ISO Bulletin, 
April (I), pp. 9-13. 
MATHIESON, K. and RYAN, T., 1997. Users' evaluations of packages: Demonstrations 
versus hands-on use. North Reading, England: Academic Conferences Limited on behalf 
of the Electronic Journal of Information Systems Evaluation. Available: 
http://www.ejise.com/volume-l/volume t-issue !/issue 1-art2.htm [ Accessed: March, 
2005]. 
MCCALEB, M.R., 1999. A conceptual data model of datum systems. Journal of Research of 
the National Institute of Standards and Technology, 104( 4), pp. 349-400. 
MCCANN, C., 2006. Joint engagement group coherence project final report. Document 
Number: 20060421-U-Final Report version 2.0. England: UK MoD. 
MEISTER, D., 2004. STEP through 20 years: Lessons and theoretical implications. Working 
paper edn. Faculty of Information Systems, Richard Ivey School of Business, The 
University of Western Ontario. 
MEISTER, D.B., 2002. Manufacturing connectedness: managerial challenges and solutions. In: 
M. W ARKENTIN, ed, Business-to-Business Electronic Commerce: Challenges & 
Solutions. Idea Group Publishing, pp. 114-131. 
355 
The Adoption and Diffusion of Data-exchange Standards References 
MERRIAM, S.B., 1988. Case study research in education: A qualitative approach. San 
Francisco, CA: Jossey-Bass Inc. 
MILES, M.B. and HUBERMAN, A.M., 1994. Qualitative data analysis. 2nd edn. Newbury 
Park, CA: Sage Publications. 
MILLS, T. and BRIDGES, T., 2004. Transforming engineering and asset management in the 
UK MoD- The JAMES Programme. PowerPoint presentation, UK MoD. 
MOORE, G.A., 1999. Crossing the chasm: Marketing and selling technology products to 
mainstream customers. Oxford: Capstone Publishing Ltd. 
MUNCK, B., KEGAN, R., LAHE, L.L., MEYERSON, D.E., SULL, D., HUDSON, K.M. and 
LEVY, P.F., 2002. Harvard business review on culture and change. 3rd edn. Boston, 
MA.: Harvard Business School Press. 
MUSTONEN-OLLILA, E., 1999. Methodology choice and adoption: Using the diffusion of 
innovations theory (DO!) as the theoretical framework, T.K. KAKOLA, ed. In: 
Proceedings of the 22nd Information Systems research Seminar in Scandinavia (IRIS22): 
Enterprise Architectures for Virtual Organisations, August 7-10 1999. 
MUSTONEN-OLLILA, E. and LYYTINEN, K., 2003. Why organizations adopt information 
system process innovations: a longitudinal study using Diffusion of Innovation theory. 
Information Systems Journal, 13(3), pp. 275-297. 
MYERS, M.D., 1997. Qualitative research in information systems. MIS Quarterly, 21(2), pp. 
241-242. 
NELSON, M.L. and SHAW, M.J., 2003. The adoption and diffusion of interorganizational 
system standards and process innovation, J.L. KING and K. L YYTINEN, eds. In: 
Proceedings of MISQ Special Issue Workshop on Standard Making: A Critical Frontier 
for Information Systems, December 12-14 2003, pp258-301. 
NILAKANTA, S. and SCAMELL, R.W., 1990. The effect of information sources and 
communication channels on the diffusion of innovation in a data base development 
environment. Management Science, 36( I), pp. 24-40. 
NITIN, A. and WALDEN, E.A., 2003. Monopoly power in standards is a myth, J.L. KING and 
K. L YYTINEN, eds. In: Proceedings of MISQ Special Issue Workshop on Standard 
Making: A Critical Frontier for Information Systems, December 12-14 2003, pp49-61. 
NSSF, 2004c. National Standardization Strategic Framework- Public discussions document. 
Available: http://www.nssf.info/Public _ discussion.pdf [ Accessed: January, 2004]. 
NSSF, 2004b. National Standardization Strategic Framework- standardization map. Available: 
http://www.nssf.info/Map.pdf [Accessed: January, 2004]. 
356 
The Adoption and Diffusion of Data-exchange Standards References 
NSSF, 2004a. National Standardization Strategic Framework- how standardization works the 
standardization map. Available: http://www.nssf.info/Mapnotes.pdf [Accessed: January, 
2004]. 
OASIS PLCS TC, 2005. OASIS product life cycle support (PLCS) technical committee 
A vai !able: http://www .oasis-open. org/committees/tc _home. php?wg_ abbrev=plcs 
[Accessed: November, 2005]. 
OED ONLINE, 2005. Oxford English dictionary. Available: http://www.oed.com/ [Accessed: 
July, 2005]. 
OKSALA, S., RUTKOWSKI, A., SPRING, M. and O'DONNELL, J., 1996. The structure of 
IT standardization. StandardView, 4(1), pp. 9-22. 
ORLIKOWSKI, W.J. and BAROUDI, J.J., 1991. Studying Information Technology in 
Organizations: Research Approaches and Assumptions. Information Systems Research, 
2(1), pp. 1-28. 
PALLANT, J., 2001. SPSS survival manual: A step-by-step guide to data analysis using SPSS 
for Windows (Version 10). Buckingham: Open University Press. 
PARE, G., 2002. Enhancing the rigor of qualitative research: application of a case 
methodology to build theories of IT implementation. Nova Southeastern University: The 
qualitative report. Available: http://www.nova.edu/ssss/QR/QR7-4/pare.html [Accessed: 
March, 2006]. 
PARKER, M. and BENSON, R., 1989. Enterprise wide information economics: Latest 
concepts. Journal of Information Systems Management, 6( 4), pp. 7-13. 
Patton, M. Q. (2002). Qualitative evaluation and research methods (2nd ed.). Newbury Park, 
CA: Sage. 
Patton, M. Q. (1990). Qualitative evaluation and research methods (2nd ed.). Newbury Park, 
CA: Sage. 
PENG, T. and TRAPPEY, A.J.C., 1998. A step toward STEP-compatible engineering data 
management: the data models of product structure and engineering changes. Robotics 
and Computer-Integrated Manufacturing, 14(2), pp. 89-109. 
PHILLIPS, E.M. and PUGH, D.S., 2000. How to get a PhD: A handbook for students and their 
supervisors. 3rd edn. Buckingham, England: Open University Press. 
PLCS INC., 2002. PLCS inc website. Available: http://www.plcs.org/home.htm [Accessed: 
October, 2002]. 
PRATT, M.J. and ANDERSON, B.O., 2001. A shape modelling applications programming 
interface for the STEP standard. CAD Computer Aided Design, 33(7), pp. 531-543. 
357 
The Adoption and Diffusion of Data-exchange Standards References 
PRESCOTT, M.B. and CONGER, S.A., 1995. Information technology innovations: A 
classification by IT locus of impact and research approach. SIGMIS Database, 26(2-3), 
PP· 20-41. 
PROSTEP, 2004. Organization I history (ISO). Available: 
http://www.prostep.org/en/services/was/orga/ [Accessed: July, 2004]. 
PTC EXPRESS, 2000. CAD's full potential... are we there yet? Needham, MA: PTC Inc. 
RAGIN, C.C., 1987. The comparative method: Moving beyond qualitative and quantitative 
strategies. Berkeley, California: University of California Press. 
RAMP VIRTUAL ENTERPRISE, 2005. Product data tools AP224. Available: http://ramp.isg-
scra.org/ap224_desc.html (Accessed: September 2005]. 
RAPOPORT, R.N., 1970. Three dilemmas in action research. Human Relations, 23(4), pp. 
499-513. 
RA VAT, J. and NAZEMETZ, J. W., 2003. Introduction to STEP. Contract Number F34601-95-
D-00376. Oklahoma State University School oflndustrial Engineering and Management: 
Computer Assisted Technology Transfer (CATT) Research Program. 
RAY, S.R., 2002. Interoperability standards in the semantic web. Journal of Computing and 
Information Science in Engineering, 2(1), pp. 65-69. 
RAY, S.R. and JONES, A.T., 2003. Manufacturing interoperability, In: Proceedings of the 
Concurrent Engineering: Research and Applications, 26-30 July 2003, CE2003. 
ROGERS, E.M., 2003. Diffusion of Innovations. 5th edn. New York: Simon & Schuster 
International. 
ROSSMAN, G.B. and WILSON, B.L., 1991. Numbers and words revisited: being 'shamelessly 
eclectic'. Evaluation Review, 9(5), pp. 627-43. 
SAVER, C. and LAU, C., 1997. Trying to adapt systems development methodologies a case-
based exploration of business users' interests. Information Systems Journal, 7(4), pp. 
255-275. 
SCHAFFER, R.H. and THOMSON, H.A., 1998. Successful change programs begin with 
results. Harvard Business Review on Change. 6th edn. Boston, MA.: Harvard Business 
School Publishing, pp. 189-213. 
SEIBER, S.D., 1973. The integration of fieldwork and survey methods. American Journal of 
Sociology, 43(6), pp. 425-430. 
SHERIF, M.H., 2003. When is standardization slow? International Journal of IT Standards 
and Standardization Research, 1(1 ), pp. 19-32. 
358 
The Adoption and Diffusion of Data-exchange Standards References 
SHERIF, M.H., 1999. Contribution towards a theory of standardization in telecommunications, 
K. JAKOBS and R. WILLIAMS, eds. In: International Conference on Standardisation 
and Innovation in Information Technology, 15-17 September 1999. 
SJL VERSTEIN, A., 1988. An aristitelian resolution of the ideographic versus nomothetic 
tension. American Psychologist, 43(6), pp. 425-430. 
SLOSS, 1., 2005. Lean logistics model proof of concept conference room pilot - Project 
development report. Report Number: D/ZU/02/28/4. Fradley Park, Lichfield: LSC 
Group. 
SLOSS, 1., KING, T.M. and TURNER, T., 2002. PLCS demonstrator has world premiere. 
Tamworth, England: LSC Group. 
SMALL, M.H. and CHEN, I.J., 199517. Investment justification of advanced manufacturing 
technology: An empirical analysis. Journal of Engineering and Technology 
Management, 12(1 -2), pp. 27-55. 
SODERSTROM, E., 2005. Connecting B2B standards life cycles with stakeholders, In: 
Proceedings of the INTEROPE-ESA Workshop on Interoperability Standards -
Implementation, Dynamics, and Impact, February 22 2005, . 
SODERSTROM, E., 2004. Pros and cons about standards from multiple stakeholder 
perspectives, F. BOUSQUET, Y. BUNTZL Y, H. COENEN and K. JAKOBS, eds. In: 
Proceedings from the 9th Euras Workshop on Standardization, May 13-14 2004, Accede 
Verlag pp 132-143. 
SPRING, M.B., GRJSHAM, C., O'DONNELL, J., SKOGSEID, 1., SNOW, A., TARR, G. and 
WANG, P., 1995. Improving the standardization process: From courtship dance to 
lawyering: Working with bulldogs and turtles. In: B. KAHIN and J. ABBATE, eds, 
Standards Policy for Information Infrastructure. Cambridge, MA.: MIT Press, pp. 220-
252. 
SPRING, M.B., BEARMAN, T.C., 1988. Information standards: Models for future 
development. Book Research Quarterly, 4(3), pp. 38-47. 
STARL Y, B., LAU, A., SUN, W., LAU, W. and BRADBURY, T., 2005. Direct slicing of 
STEP based NURBS models for layered manufacturing. CAD Computer Aided Design, 
37(4), pp. 387-397. 
STEVENS C., I 993. Harmonization, trade and the environment. International Environmental 
Affairs, 5 (I), pp. 42-49. 
STIRLING, A., 2001. Standardization: A Vital Enabler for Acquisition Excellence. Standards 
in Defence News, (180), pp. 4-7. 
STOCKHEIM, T., SCHWIND, M. and KONIG, W., 2003. A model for the emergence and 
diffusion of software standards, In: Proceedings of the 36th Annual Hawaii international 
Conference on System Sciences, January 06 -09 2003, IEEE Computer Society. 
359 
The Adoption and Diffusion of Data-exchange Standards References 
STRAUSS, A. and CORBIN, J., 1998. Basics of qualitative research: Techniques and 
procedures for developing grounded theory. 2nd edn. Newbury Park, CA: Sage 
Publications. 
SW ANN, P., 2000, "The Economics of standardization", in Report for Department of Trade 
and Industry, Standards and Technical Regulations Directorate. Available: 
http://www.dti.gov.uk/strd/fundingo.htm#swannrep [Accessed: January 2004]. 
THEMISTOCLEOUS, M., 2002. Enterprise Application Integration, Brunei University. 
TORNATZKY, L.G. and FLEISCHER, M., 1990. The processes of technological innovation. 
Lexington, Mass: Lexington Books. 
U.S. CONGRESS, OFFICE OF TECHNOLOGY ASSESSMENT, 1992. Global standards: 
Building blocks for the future. Washington, DC: U.S. Government Printing Office. 
UK MoD, 2002b. General MoD Article. Available: 
http://www.dstan.mod.uk!MOD%20stan%202002.pdf [ Accessed: June 2005]. 
UK MoD, 2002a. General MoD Article. Available: 
http://www.dstan.mod.uk/MOD%20stan%202002.pdf [Accessed: June 2005]. 
UK MOD, 2005c. Recent trends in service and civilian personnel numbers, at I April each 
year. Available: http://www.dasa.mod.uk/natstats/ukds/2005/c2/table2l.html [Accessed: 
November, 2005c]. 
UK MOD, 2005b. Defence industrial strategy: Defence White paper. Cm 6697. London: The 
Stationery Office. 
UK MOD, 2005a. DefStan 00-60. Available: 
http://www.ams.mod.uk/ams/content/docslilslils_web/dstan.htm [Accessed June, 2005]. 
UK MOD, 2006a. Defence for researchers- information for conducting research into the 
MOD. Available: http://www.mod.uk/Defencelnternet/DefenceFor/Researchers/ 
[November, 2006]. 
UK MoD AMS, 2003. AMS additional information - addressing standardization. Avaialble: 
http://www.ams.mod.uk/ams/content/docs/addrstan.doc [Accessed: July, 2005] 
UK MoD COMA (Central Data Management Authority), 2004. "Ministry of Defence policy on 
the use ofXML". Available: http://www.cdma.mod.uk/suppinfo/XMLpolicy-vl_O.doc 
[Accessed: June, 2005] 
UK MoD SSE, 2005a. Support Solutions Envelope - Engineering & Asset Management. 
Available: http://www .ams.mod. uk/ams/content/docs/sse/v3 _3 _archive/ eam.htm 
[Accessed: March, 2005]. 
360 
The Adoption and Diffusion of Data-exchange Standards References 
UK MoD SSE, 2005b. Support Solutions Envelope - Data standards. Available: 
http:/lwww .ams.mod. uk/ams/content/docs/sse/v3 _ 3 _ archive/ikm%20&%20c4i/gp _ 3 _ ed 
l.htm [Accessed: March 2005]. 
UK NCB, 2002. The United Kingdom National Codification Bureau website. Available: 
http:/lwww.ncb.mod.uklindex.html [Accessed: November, 2002]. 
UPDEGROVE, A., 1995. Consortia and the role of the government in standard setting. In: B. 
KAHIN and J. ABBATE, eds, Standards Policy for Information Infrastructure. 
Cambridge: MIT Press, pp. 321-348. 
STEPHENS INC., 2003. Available: 
http:/lwww .I ine56.cornfresearchfdownloadfrobstephens _ b2b _building_ tech. pdf 
[Accessed: May, 2003]. 
VAN WEGBERG, M., 2004b. Intellectual property rights and competitively fragmented 
standardization processes: A review of the literature, F. BOUSQUET, Y. BUNTZL Y, H. 
COENEN and K. JAKOBS, eds. In: Proceedings from the 9th Euras Workshop on 
Standardization, May 13-14 2004b, Accedo Verlag pp214-226. 
V AN WEGBERG, M., 2004a. Standardization and competing consortia: The trade-off between 
speed and compatibility. International Journal of IT Standards and Standardization 
Research, 2(2), pp. 18-33. 
VENKATESH, V., MORRIS, M., DAVIS, G. and DAVIS, F., 2003. User acceptance of 
information technology: Toward a unified view. MIS Quarterly, 27(3), pp. 425-478. 
VON WEIZSACKER, C.C., 1984. The costs of substitution. Econometrica, 52(5), pp. 1085-
1116. 
VREEDE, G.J.D., 1995. Facilitating organisational change: The participative application of 
dynamic modelling, Delft University of Technology. 
WALL!, S.R., 1999. POSIX: A case study in a successful standard. Or, why we don't need 
radical change in the SDO process, K. JAKOBS and R. WILLIAMS, eds. In: 
Proceedings of the I st IEEEConference on Standardisation and Innovation in 
Information Technology, September 15-171999, IEEE ppl83-187. 
W ALSHAM, G., 1995. The emergence of interpretivism in IS research. Information Systems 
Research, 6(4), pp. 376-394. 
WALSHAM, G., 1993. Interpreting information systems in organizations. Chichester: Wiley & 
Sons. 
WAPAKABULO, J., PROBETS, S., DAWSON, R. and KING, T., 2005c. A STEP towards the 
adoption of data-exchange standards: A UK defence community case study, T.M. 
EGYEDIE and M.H. SHERIF, eds. In: Proceedings of the 4th International Conference 
on Standardization and Innovation in Information Technology, 21-23 September 2005c, 
IEEE pp255-266. 
361 
The Adoption and Diffusion of Data-exchange Standards References 
WAPAKABULO, J., PROBETS, S., DAWSON, R. and KING, T., 2005b. The development 
barriers to the adoption of data-exchange standards, H. COENEN, J. GROHNDAL, K. 
JAKOBS and T. VALDLO, eds. In: Proceedings of the lOth European Academy for 
Standardisation Workshop, 2-3 June 2005b, ABI pp1-8. 
WAPAKABULO, J., PROBETS, S. and DAWSON, R., 2005a. The adoption and diffusion of 
standards-based information systems, P. BENNETS, M. ROSS and G. STAPLES, eds. 
In: Proceedings of Software Quality Management XIII : Current Issues in Software 
Quality, 21-23 March 2005a, British Computer Society, Software Quality Management 
XII pp283-291. 
WAPAKABULO, J., PROBETS, S., DAWSON, R. and KING, T., 2004. The adoption and 
diffusion of standards', D. EDGAR-NEVILL, M. ROSS and G. STAPLES, eds. In: 
Proceedings of Software Quality Management XII : New Approaches to Software 
Quality, 5-7 April 2004, British Computer Society, Software Quality Management XII 
pp47-59. 
WAPAKABULO, J., PROBETS, S., DAWSON, R. and KING, T., 2003. The standard for the 
exchange of product data: Alternative implementation strategies, E. GRAY, G. KING, 
M. ROSS and G. STAPLES, eds. In: Proceedings of Software Quality Management XI: 
Process Improvement and Project Management Issues, 23-25 April 2003, The British 
Computer Society, Software Quality Management XI pp325-341. 
WARNER, A. G., 2003. Block alliances in formal standard setting environments. International 
Journal of IT Standards and Standardization Research, 1(1), pp. 1-18. 
WEISS, M. B. H., 1993. The standards development process: a view from political theory. 
New York, NY, USA: ACM Press. 
WEISS, M. B. H. and SPRING, M.B., 1992. Selected intellectual property issues in 
standardization, Twentieth Annual Telecommunications Policy Research, September 12-
14, 1992. 
WEISS, M.B.H. and SIRBU, M., 1990. Technological choice in voluntary standards 
committees: An empirical analysis. Economics of Innovation and New Technology, 1(1), 
pp. 111-134. 
WEISS, M. and CARGJLL, C., 1992. Consortia in the standards development process. Journal 
of the American Society for Iriformation Science, 43(8), pp. 559-565. 
WEITZEL, T., 2003. A network ROI, J.L. KING and K. L YYTINEN, eds. In: Proceedings of 
MISQ Special Issue Workshop on Standard Making: A Critical Frontier for Information 
Systems, December 12-14 2003, pp62-79. 
WEST, J., 2004. Information systems standards: Seeking compatability between technical, 
economic and organizational perspectives. Working paper edn. San Jose State 
University: College of Business. 
WEST, J., 2003. The role of standards in the creation and use of information systems, J.L. 
KING and K. L YYTINEN, eds. In: Proceedings of MISQ Special Issue Workshop on 
362 
The Adoption and Diffusion of Data-exchange Standards References 
Standard Making: A Critical Frontier for Information Systems, December 12-14 2003, 
pp314-325. 
WEST, J., 1999. Organizational decisions for l.T. standards adoption: Antecedents and 
consequences, In: Proceedings of the I st IEEE Conference on Standardisation and 
Innovation in Information Technology, September 1999, IEEE ppl3-18. 
WESTON, L. and WHJDDETT, R., 1999. Factors affecting the adoption of IS standards, B. 
HOPE and P. YOONG, eds. In: Australasian Conference on Information Systems, 
November 29- December 41999, Victoria University of Wellington ppll58-1169. 
WHITMAN, L., HUFF, B. and PRESLEY, A., 1997. Structured models and dynamic systems 
analysis: The integration of the IDEFOIIDEF3 modeling methods and discrete event 
simulation, S. S. ANDRADOTTIR, K.J. HEAL Y, D.H. WITHERS and B.L. NELSON, 
eds. In: Proceedings of the Winter Simulation Conference, December 07-10 1997, IEEE 
pp518-524. 
WIKIPEDIA, 2005. Wikipedia- the free encyclopedia. Available: 
http://en.wikipedia.org/wiki/Main_Page [Accessed: December, 2005]. 
WITTE, J.M., 2004. A "single European voice" in international standardization? American 
perceptions, European realities, F. BOUSQUET, Y. BUNTZLY, H. COENEN and K. 
JAKOBS, eds. In: Proceedings from the 9th Euras Workshop on Standardization, May 
13-14 2004, Accedo Verlag pp2-23. 
WOLCOTT, H.F., 1982. Differing styles of on-site research, or, "!fit isn't ethnography, what is 
it?". The Review Journal of Philosophy and Social Science, 7(1 & 2), pp. 154-169. 
XIA, M., ZHAO, K. and SHA W, M.J., 2003. Open e-business standard development and 
adoption: An integrated perspective, J.L. KING and K. L YYTINEN, eds. In: 
Proceedings of MISQ Special Issue Workshop on Standard Making: A Critical Research 
Frontier for Information Systems, December 12-14 2003, pp222-235. 
YIN, R.K., 2002. Case study research: Design and methods. 3rd edn. Newbury Park: Sage 
Publications. 
YIN, R.K., 1994. Case study research: Design and methods. 2nd edn. Newbury Park: Sage 
Publications. 
ZALTMAN, G., DUNCAN, R. and HOLBEK, J., 1973. Innovations and organizations. New 
York: Wiley & Sons. 
ZHANG, J. and WARREN, T.L., 2003. SMEs and STEP. Contract Number F34601-95-D-
00376. Oklahoma State University School of Industrial Engineering and Management: 
Computer Assisted Technology Transfer (CATT) Research Program. 
ZMUD, R.W., 1983. The effectiveness of external information channels in facilitating 
innovation within software development groups. MIS Quarterly, 7(2), pp. 43-58. 
363 


